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PREFACE. 


Is  this  work  I  propose  to  prove  that  the  lawji  of  Organic 
Ckcniiiitry  are  as  simple  and  orderly  the  laws  of  Inorganic 
Obemistry,  and  that  the  oonfosion  which  prevails  in  the  former 
k  attribiitable  in  no  degree  to  irregalarity  in  oiganic  oom- 
poimds,  but  to  a  disregard  of  the  tme  laws  of  the  soienco  and 
a  devotion  to  false  hjrpotheses. 

The  wnrk  inchides  a  critical  inquiry  into  the  authority  and 
importance  of  the  doctrines  which  are  commonly  accepted  by 
chemists  as  sounds  and  of  others,  whioh  I  recommend  for 
adoption,  as  better  proved  and  of  more  nniversal  application. 

I  cannot  enumerate  these  new  doctrines  without  enoroacbing 
npmi  the  Table  of  Contents,  but  I  may  specify  a  few  ex- 
■lUipIes : — 

» 

A  new  theory  of  the  constitution  and  atomic  measure  of 

gaaeous  salts  and  radicals. 
A  method  of  determining  the  atomic  measures  and  specific 

^^vities  of  compound  gases,  from  their  formulae  alone. 
A  theory  of  the  origin  and  metamoi-phoses  of  organic 

radicals. 
A  ibeoiy  of  vice-radicals. 
A  theoiy  of  salts,  free  from  acids  and  bases. 
A  consistent  theory  of  ammoniums  and  amidogens,  and  of 

the  saltfl  which  are  formed  by  those  radicals. 
A  theory  of  anhydrides,  explanatory  of  the  eon.stitntion  of 

those  salts  in  which  both  radicals  are  acid  radicals. 
An  explanation  of  the  constitution  of  the  salts  which  are 

cofinmonly  assumed  to  be  produced  by  certain  imaginary 

compounds,  called  polybasic  and  conjugated  acids. 

a  2 
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V  PBEFACE, 

Proof  that  the  results  nf  clectrolytio  experiments  justify 

the  adoption  of  radicals. 
A  demonstration  of  the  impolicy  of  attempting  to  separate 

Organic  from  Inorganic  Chemistry. 
A  sy.stematio  nomenclature,  applicable  to  every  descrip- 
tion of  chemical  compound. 
I  adduce  evidence  to  prove  that  the  following  Hypotheses 
(among  many  others)  propagate  Fallacies  for  Truths,  and 
tiiereby  obstniot  the  progress  of  the  science 

That  water  cuutaimi  only  one  atom  of  each  of  its  two 

elements. 

That  elementary  atoms  combine  in  multiple  proportions. 
That  salts  contain  acids  and  bases. 

That  such  things  exist  as  sesqnioxides,  polyatomic 
alcoliol.s,  ami  cunjngated  and  polybasic  acids. 

That  all  ^alts  arc  formed  on  the  model  of  water. 

That  all  compounds  which  contain  azote  are  formed  on 
the  model  of  ammonia. 

That  isolated  elements  do  not  exist,  so  that  firee  chlorine 
and  free  hydrogen  are  binary  compounds. 

Eveiy  experiment  quoted  in  this  work  is  derived  from  the 
writings  of  the  chemists,  whose  theories  I  oppose.  The  argu- 
ments  rest  therefore  upon  facts  which  will  not  be  impugned. 

I  treat  all  unsettled  and  disputed  doctrines  as  if  the  reader 

iiiieiided  to  form  an  independent  and  impartial  opini«>n  upoii 
them.  I  pay  no  respect  to  any  other  Authority  than  that- of 
F&cts  and  the  Probabilities  which  arise  from  concurrent  circum- 
stantial evidence. 

The  adoption  of  the  Badical  Theory  would  put  an  end  to 
much  false  philosophy,  would  speedily  extend  our  knowledge 
of  organic  cumpouads,  and  facilitate  the  study  and  improvement 
of  every  depailmcnt  of  the  science. 

24</t  December,  1857. 
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A  Mssioim  containing  a  miccinct  account  of  the  pnndplos  of  the  Radktl 

Theory,  jiccompaiiied  by  historical  notes,  in  disproof  of  M.  GJerhardt'a  claim 
to  the  invention  ©f  the  theorj^  of  hydration  of  acids  and  hases,  was  presented 
to  the  Chemical  Society  in  the  mouth  of  Jmie,  1855. 

The  printing  of  tbii  Volume  was  oommonced  !n  the  Spiiug  of  1856.  The 

Author's  illness  occasioned  an  interruption  of  nearly  a  year.   The  work  was 

afterwards  slowly  proceeded  Witli  until  tiie  end  of  the  year  1857. 

In  ooneequeooe  of  tfaie  Intairaption*  and  of  the  pragnM  of  the  sdenoe 
during  the  yean  1656  and  1857,  it  happens  that  the  earlier  aeetUms  of  the 

work  are  not  always  in  striet  aeoorcbmoe  with  fhe  later  aeetions.   Thus,  the 

theory  of  the  Anhydrides  and  that  of  the  Conjugated  Sulpho-acids,  aa  first 
described,  undergo  important  modifications  in  the  article  which  commencee  at 
page  480.  In  such  cases,  the  Author'a  opinions  are  to  be  taken  as  they  are 
exprsBsed  in  the  latest  statements. 
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The  Radical  Theory  in  Chemistry. 


On  the  Froximate  Constitution  of  Acids^  Bases^  and 

Salts. 

TwfcXTY-THREE  years  m^o  I  nad,  Ix  tore  tho  Philosophical  Society  of 
Glasgow,  a  p;ipor  <»n  "The  Pn  xiinate  Constitution  of  Chemical  Com- 
l^imds"  :in<l  in  the  v.  ar  iS^4.  I  publisbfid  tiaat  Paper,  an  part  of  a 

work  i  ntitled     Chnni  'tl  liecreattoiis.* 

The  cheiiiiral  »iuctnue.s  wliicii  I  then  advocated  dilTcred  c(;iisideraMv 
from  the  d<x:trine-^  tliat  were  ciiU-Ttiiiued  h\  must  rhemiiitiuf  that  i>«  i  i.  >^i, 
Hiid  tii^y  met  witli  the  hostility  which  constituted  authorities  coiuuu.nlv 
of^p  jei^f  to  radical  thcoriesi  uud  organic  chanojcs.  The  book  Wiis  well  re- 
a:ived  by  the  pubUc,  and  the  edition  of  3,000  copies  was  exhausted  in 
two  yeeis;  but  as  the  chief  pnrpoee  of  the  work  was  to  teach  experi- 
meotal  chemistry,  when  it  was  reprinted,  the  theoretiGal  chapter  was 
omitted,  and,  though  I  never  abandoned  my  radical  theories,  I  have, 
from  tfaAt  time  to  ue  present,  ceased  to  press  them  upon  the  attention 
of  chemists.  Even  now,  after  a  silence  of  nearlv  a  quarter  of  a  centmy, 
I  return  to  the  subject  only  because  I  am  provoked  to  it  by  a  challenge 
finm  Mr.  Charles  Gerhaidt  I  hope,  for  these  reasons,  that  I  shall  not 
be  considered  importunate,  esy)ecially  as  t!ie  subject  to  be  discibised  is 
one  upon  which  the  minds  of  pliilosophers  are  wholly  unsettled,  and 
upon  which  it  is  desirable  that  some  intelligible  and  comprehensiv*? 
theory  should  replace  the  multifonn  and  misty  hypotheaes  by  wiiich 
the  chemical  world  is  now  govern*  d. 

Mr.  frerhardt^s  challenge  is  eontained  in  a  \ia\)LY  tliat  was  published 
m  Liei'i^/'s  Annakn  der  Chernie,  for  August,  1 8 54,  ;md  it  runs  thus: — 

**  Mr.  \\(>]\»'  glows  'with  indignation  over  what  he  calls  *  Williiunson's 
Th«- r'>  «)f  Water,  Ethers,  and  Aeii_[s.'  1  do  not  Cnniprehend,  how  a 
thtH>rv,  whose  fir>t  and  w*  ighticst  jxiints  were  denunistratetl  by  niv 
several  years  ago,  is  suddenly  become  *  Williamson's '  thoorv.  Now, 
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who  was  it  tlmt  first  said,  that  wator  was  H'O,  and  not  HO :  that  hy- 
drate of  potash  wa.s  Kill)  and  iiut  KO,HC) ;  tiiat  oxide  of  potai>£i.iuiii  wiL^ 
K*0  and  not  KO ;  that  ether  was  Ae*0  and  not  AeO ;  that  the  so-ialh  d 
aqueous  nitric  add  was  NHO^  and  not  KO^,HO,  and  so  forth  ?  Who 
was  it  that  devised  the  method  of  writing  which  is  employed  by  Wil- 
liamson and  the  other  English  chemists  to  exhibit  the  difierences  of  these 
methods  of  combination? 

"  The  main  point  which  now  divides  chemists  into  two  parties,  lies  m 
the  relative  atomic  weights  between  oxides  and  their  hydrates,  ether  and 
alcohol,  the  so-cillod  anhydrous  and  tht  ir  corresponding  hydrated  mono- 
basic acids.  Acordiiig  to  the  old  school,  all  hydrated  oxides — alcohol 
as  well  as  the  hydrated  monobasic  acids — contain  the  elements  of  water. 
This  now  did  I,  Ix^fore  all  other  chemists,  deny.  Caustic  iv)tas}!,  alcohol, 
acetic  acid,  I  said,  contiiinLKl  no  water;  Berzelius  and  the  old  school 
doubled  the  atomic  weights  of  those  bodios,  and  declared  that  thov  con- 
tained water.  T\m  i&  the  fundameutai  diiiereuce  between  the  two 
theories. 

**  For  a  long  time,  I  and  Laurent  were  the  c^nly  advocates  of  mv 
opinions.  Afterwaixls  Chancel  adopted  tiiem,  and  at  a  later  penod 
Williamson." 

Such  are  Mr.  GerluuiU's  claims. 

I  undertake  to  reply  to  them,  because  I  can  prove  that  he  has  no  title 
to  the  theories  which  he  so  boldly  daims. 

As  the  question  must  be  treated  historically,  I  begin  by  uiquiring, 
when  it  was  that  Mr.  Gerhaidt  hhnself  first  published  these  theories?^ 
He  tells  as/  that  it  was  in  the  year  1842.  I  ask,  then,  did  any  one  else 
publish  the  same  theories  before  that  year?   That  is  the  question  to 
which  I  am  about  to  reply. 

In  the  year  1826,  Dr.  Thomas  Clark  published  in  Glasgow,  f(jr  the 
use  of  his  students  in  the  Mechanics'  Institution,  a  series  of  Ta)  l<-s  of 
Chemical  Fonnulae,  a  copy  of  which  I  now  reprint.  The  fonnuhe  given 
in  these  Tables  for  water  is  HO,H  ;  that  for  anhydrous  potash  is  PO,P ; 
that  for  alcohol  is  HO  :  C1I,H  ;  CH,H,H.  Ether  and  hychuU'  of  potash 
dn  not  appear  in  Dr.  Clark's  Tnblos;  but  the  formulfs  of  the  hydrated 
acids,  namely  <*t'  luiiinfortis,  oil  of  vitriol,  oxalic  acid,  acetic  acid,  &c., 
show  that  all  theae  contain  as  base  a  single  atom  of  hgdrogen^  and  are 
toithout  loater. 

Examples; — 

Aquafortis    .    .    .    AO, 0,0 ;  H 

Oil  of  vitriol      .    .    80,0;  H 

Oxalic  acid   .    .    .    C0,0;  H 

Acetic  acid  .   .   •  CH,H,H;  C0,0;  H 


*  CmpUs  Mendua  dbt  Dravaiix  de  Chinm^  1850,  p.  428^ 
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(Moa 

Chi<mne 
Chrome 

V,4NinilOIIIB| 

Copper 

Fluorine 

Giudnam 


iiidium 


lHhitm  • 


Cb 

CI 

Cp 

F 

Oc 

G 

H 

I 

IJ 
Ir 
U 
U 


7 

9] 
22 

38 

7 
35 
36 
11 
38 
28 
10 

G 
23 
18 
14 
15 
92 
16 

9 
13 
33 


62 
14 
5 


Magnattam 

Jrlaii'^'nnese 

)  Moiybden 

:  Nickel 
Osmium 
Oxygi-n 
Palladium 
Phogphonis 
Platinum 
Potivjjum 
Khodiiim 
Seteotam 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 
Tellurium 
Tin  - 
TiLiuittm 
Tanj^ten 
Unuilum 
Yttrium 
Zinc  - 
ZircoQium 


SIGN. 


- 

-  Mu 

-  Mr 

-  ilo 

-  Kt 

-  Ob 

-  0 

-  Pd 

-  Ph 
"  Pt 

P 

-  R 

-  8« 
«  6i 

-  Sv 

-  So 

-  Sr 

-  S 

-  Te 

-  Tn 

-  Tt 

-  Tir 

-  u 

-  Y 
Zn 

-  Zr 


G4m»  and  Vapours  of  which  one  volume  corresjxmds  with  one  atom. 


Oxypai       -       --  --       --  O 

Azote  A 

Hydr^sr^      -  - 

Chorine  -  ch 
lodiM  - 

Mercury  Jfr 

PnjAsine,  AT  Cyanogen  •        •        •        -        •  CA 

Suiptiurous  acid  SO 

Su)i>huretted  hydrogeu  -        ^        «                 •  SH 


SIGN. 


6 

14 

50 
24 
15 

8 
28 
16 
24 
20 

? 
20 

8 
55 
12 
22 

8 
32 
29 
16 
48 
72 
16 
16 
17 


8 
7 

,8* 

62 
50 

13 
16 
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Seleniuretted  hydrogen 
Kitrous  acid         -  - 
Perchlf'vi  le  of  tin  - 
Perchloride  of  titanium  - 
Chloride  of  siliciuro 
Fluoriffo  of  lilidum 


SIGN. 

SeH 

A  0,0 
Ch  Tn,  Ch 
ChTt,Ch 
ChSi,Ch 
FSi,F 


Gases  arki  Vapours  of  which  tun  mlumes  correspond  with  </ne  atotn. 


Water      -        -  - 

TT  /\  TT 

Isjtric  oxiue         -  - 

Nitrona  oxide       -  -> 

A  rt  A 

Ciirbonic  oxide      -  - 

C  U 

Carnonir  nnd        -  - 

• 

C  U,  U 

Deutoxide  ot'  chlorine  - 

Ch  U,  O 

Gm  of  manhes 

Olenant  gw         •  - 

/">  I  T    I  T  XT  Tt 

kj  tif  Jif  fly  n 

\j  n,     11,  n  J 

Alcohol      -         -  - 

HO;  C  H,  il{  Sufti,a^a 

CS  S  S.S 

Ch.H 

"Eydliodine  acid  - 
Hydroprusiiine  acid 

IH 

CA,H 

Ammonia  -        -  - 

AH,  H,H 

Phosphuretted  hydrogen  - 

PhH,H,H?  (Dumas) 

Amninntted  bydrofi^n  - 

A8H,H,H  (00.) 

ProtcH-lilori'l"'  <if  iphosphoni* 

Ch,  ni,Ch,Ch 

Protocijlori-i-' of  arsenic  - 

«» 

Ch  As,  Ch,  Ch 

Chloride  oi  boron  -  - 

Ch  B,  Ch,  Ch 

Fluoride  of  boron  - 

FB,F,F 

Chloride  of  cpnogen  - 

Ch,CA 

Chloride  of  ciirLouic  oxide  - 

Ch,CO;  Ch 

Chloride  of  olefiaut  gas  - 

Ch  (CH,H,1I,H;  C;)  Ch 

0am  and  Va^ioun  cfwhiokfmi'  nohmes  correspond  wUh  am  atom, 

Phcwpharetted  hydrogen  (spon-j  pfc  H  j  Ph  H,  H ;  Ph  H,  H,  H  ?  (Dumas) 
taiwooslf  inflammabk)        /       i       i    >        i   >        \  / 


Biown  - 
Yellow  - 
Intermediate? 
Hed 


Oxtdnof  Load, 

LdO 

Ld  O,  Ld 
UO.Ld;  LdO 
LdO,Ldi  LdOi  LdO 


20J 

23 

65 

52 

44 

26 


9 
15 
22 
14 

22 
34 
8 

14 
23 
38 
18i 

62i 
13i 

8\ 

39 
70 
93 
65 
28 
31 
50 
5 


51 


60 

112 
172 
832 


r..iii\id'>  oftin  -  -  -  -  Tn  0 

Protoxide  of  tin  -  -  -  -  Tn  O,  Tn 

Titanic  add  _  .  -  -  TtO 

Silica        ••  •  •  -  -  SiO 

Sulphurous  acid  -  -  -  •  SO 

Carlxmic  acid  -  -  -  —  C  0, 0 

Kitrous  acid  -  -  -  •  A  0, 0 

Hvflrn<«nlphnr  acid  —  —  •  SH 

Muriatic  ucid  ChH 

Hydriodine  add  -  .  -  -  IH 

Hrdroprussine  add  -  -  —  C  A,  H 

Oil  of  vitriol  -  -  -  -  S0,O;H 

Aqua  fortis  •  -  .  -  A  0,0, 0 ;  H 

Chromic  add  «...  ChrO,OsH 
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0\;i;ii  afi<I 
Formic  acid 
&iecinic  add 


Totarieacid       »       -  -  - 

Salphuret  of  sodium        _  -  - 

i'nij'huret  of  jwtassium     -  -  - 

Sulphuri't  of  jiuuuoniacuxn  -  - 

Sulphimt  of  bnfiim      -  -  • 

Suli>huictof  antiuwoy    -  -  • 
Salphuret  of  ooppor  - 

Sulphuret  of  copper,  with  copper  - 

Stilphuret  of  iron  -         -  -  - 

Bisuiphuret  of  lead  (pyrites)  -  • 
Salphuret  of  lead  (galena) 
Sulphuret  of  lead,  with  lead 

Cinna>nr   -         -        -  -  - 

Ethiop's  mineral  -        •  •  • 

Sttlphnret  of  tin   -       -  -  - 

Mosaic  gold         •        -  -  - 

Zinc  blen<le          .         -  -  - 

Copper  [))■  rites      «         -  -  - 

Chlori-i<M>r  ?o*lium          -  -  - 

Chloride  of  potassium      - .  -  - 

Sal  ammonne      -       -  -  - 

Chloride  of  barium         -  - 

Chiorid*'  of  copper  -         -  •  .  - 
Chlonde  of  copper,  with  copper  - 
Chfcfide  of  gold    -     '  • 

Protochloridc  of  iflHl       •»  •  - 

Perchloride  of  iron          -  -  - 

Chloride  of  lead    -         -  -  - 

Corrobive  sublimate        -  -  - 

Calomel    -        -       -  -  • 

Protodilori'le  of  tin         -  -  - 

Perchloride  of  tin  -        -  •  • 

Chloride  of  zinc    -        -  •  - 

Solphateoffoda  •       .  -  - 

Sulphate  of  potash          -  -  - 

Sulj  'hate  of  auoaimonia       •  -  - 

Sulphate  of  le:id    -         ~  *  * 

Sulphate  of  barytes  -  •  » 
bulphatc  of  lime  (alabaster) 

Sulphate  of  copper         -  -  - 

Sulphate  of  inanganeie     -  -  - 

Sulphate  of  iron    -        -  -  - 

Sulphate  of  zinc    -        •  -»  - 

Sulphate  of  magnesia      -  -  - 

Sulphate  of  mercury       •  •  • 

Do.  with  mprcury            -  -  - 

Bi^ulpliato  of  tin  -         -  -  - 

Persulphate  of  iron          _  •  - 

Persulphate  of  manganeae  -  •  • 

Sidphate  of  chrome        •  -  • 

flo^halaof  tUmiiiui       *  .  » 


BIGK. 

CO,0;H 
H,CO,0;H 
CH,H;CO,0;H 

niJUI;  CO,0;  H 

ClMiiCOAOiU? 

SSo 

SAm 
SBa 

lAtf /offow^  art  iM>hMe.) 

SAn 
SCp 

SCp,Cp 

Sir 

Mr,S 

SLd 

SLd,Ld 

SMr 

SMr,Mr 

STn 

STn,S 

SZn 

SCisSIr 

ChSo 
ChP 

ChAni 

ChBa+     W  =  5:5  +  '.) 

ChCp-f  li  w=34-i-iai 

ChCp,Cp 
ChG 

Chir 

Chir;  Cblr.Ch 
ChLd 
ChMr 
ChMr.Mr 

ChTnH-2Ws:47  +  18 

ChTn,Ch 

ChZQ 

80,0;  80+5  Ws36+45 

SO,0;P 


SO,0;Am 

SO,0;Ld 
SO,0-,Ba 
SO,0;Ck  + 


W  =  34  +  9 


S0,0;Cp+2j  \V  =  40  +  22J 
S0,0;Mn  +  2j  W  =  :5vS-f  2 
t>O,0;Ir  +3  W  =  3b  +  '-i7 
SO,0;Zn  +3*  W=40+3lA 
S0,0;Mg+3|  Ws30+3l} 
SO,0;Mr 
SO,0;Mr;Mr 

80,0;Tn:  S0,0 
SO,0;In   SO,0;Ir,  SO.O 
SO,0$Mn:  SO,0;Mn;  S0,0 

S0,O-,rhr:  SO,0;C1it;  S(  i.O 
SO.OiAl;  SO,OiAli  80,0 


22 
23 
29^ 

30 
37 

20 
28 
17 
43 


30 

24 

40 

32 

SO 

GO 
112 

58 
108 

37 

45 

24 

46 

30 
38 

27 
=  62 
=  47i 
50 
51 
32 
82 
70 
(58 
118 
=  65 
65 
84 
s81 
44 
33 

78 

59 

=  43 

=  iV. 
= 

=  65 


G2* 
65 

74 
124 

77 
100 
100 
100 

86 
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Potit^h  alum  SO,0;P+SO,0;^iSO,0;Al;  S0,0  +  12  W  =  44    86  +  108  s 


^titrate  of  lead 
Kitnle  of  bmytM  - 

Nitrate  of  strontitea  • 

Nitrate  of  iron        -  m 

Nitrate  of  copper    -  — 

Nitrate  of  potash    -  - 

Nitrate  of  anunoiua  •  - 

Nitrate  of  so<Ja       —  • 

Nitrate  of  silrer     -  • 

TeUow  dmmuila  of  potash  - 
Tellow  dunoaate  of  leiMl  - 

Oxalate  of  ammonte  - 

Oxalate  of  lime      •  - 

Acetat€  of  lead 

Acetate  of  soda      -  - 

Aoetateof  line 

Aosfeftte  of  copper  ^ 

Tartrate  of  potash  -  - 


A0,0  O;  lA 
AO.O.O;  Ba 

AO.O.O;  Sr  +  2  W  =  53  +  18 
A0,0,0;  Ir  +  34  W  =  45  +  31 J 
A0,0,0;  Cp  +  4  W  =  47  +  81} 
AO,  0,0;  P 
A0,0,0;  Am 
A0,0,0;  So 
AO,OA  St 

ChrO,0;  P 
ChrO,0;  Id 


C0,0;  Am 

C0,0;  Ca 

CH,H,H;CO,0;  Id  +  U  W 
CH,H,H;C0,0;  i>o  -{■  6  \V 
CH,H,H;CO,0;  Ca  +  S  W 
CH,H,H;CO,0;  Cp  +  ^  W 


CH,H;CO,0,0;  P 


238 

83 

66 

— 

71 

= 

78i 

5l' 

40 

43 

act 
oo 

50 

82 

81 

.12 

95 

68J 

66] 

50 

57 

HTdrosDlj^mrate  of  potanfami      SH,  SP 

-        SO,0;H:  80,0;P 

Cln  (  ),0;II:  ChrO,0:P? 
CH,UiCOAOi  H;  CH,HjCO,OA  P 


Siipersulphate  of  potash 
Red  chromnte  of  potaah 
Cream  of  tartar 


3( 


Goohrd's  txtmci  * 
Bed  chromate  of  M 


^Bompln  of  Sub-toHB, 

CH,H,H;C0,0;Ld;  LdO.Ld 

Examples  of  Double  Siits, 


l9^ 

876 


Sulph.ite  of  potju'^h  and  mag:iifliia  SO,0;P:  SO,0;M^  +  3  W  =  74  -f  27 

84  +  27 
93  13i 


Sulphate  of  potash  and  zinc 
Perropruaside  of  potassium  - 


SO,0;r:  SO,0;Za  +  3  VV 
CA,lr;C  \,I\  CA,P  +  1 J  W 


Carbonate  of  lead  - 
Carbonate  of  barytea 
Carbonate  of  atrontitea 
Carbonate  of  lime  - 
Carbonate  of  mai^nesia 
Carbonate  of  iron  - 
Carbonate  of  manganese 
Carbomite  of  zinc  - 
Carbonate  of  soda  • 

Do. 

Do. 

Carbonate  of  potash 
CarboDBte  of  ammonia 


C0,0;  Ld  0,Ld 
C0,0;  Ba  0,Ba 
C0,0;  Sr  0,Sr 
C0,0;Ca0,Ca 
C0,0;  M^^O.Mg 
C0,0;  Ir  0,lr 
C0,0;  MnO.Mn 
C0,0;  Zn  0,Zn 
CO.O;  So  0,So  +  10  W 
C0,0;  So  0,So  +  7W 
CO.O;  So  0,So  +  W 

co,o;  p o,p  +  aw 

C0,O,  AmO;  Am 


45  +  90 

54  4-63 

54-)-  9 
70  +  18 


Supercarbonate  of  potash   -        C0,0;  HO,II;  C0,O;P0,P 


110 

111 
106^ 

134 
100 
74 

50 

42 
58 
58 
52 
«  144 

S5  117 

SB  U3 
=  88 
=  48 

=  101 
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DI8PB00F  OF  OKBHABDT^S  GIJUM&  9 

The  theories  iodicated  by  these  lurmulsB  wove  iully  devploped  in  Dr. 
Clark's  lectures.  1  heard  some  of  those  lectures  delivered ;  I  had  at  the 
period  referred  to,  frequent  discussions  with  Dr.  Clark  on  these  subjects ; 
it  is  etey  to  prove  l&e  gaiaineness  of  the  printed  tables,  because  the 
prinWg  Dame  is  attached ;  and  the  proof  is  therefore  conclusive,  that 
some  of  the  fbndamentai  theories,  which  Mr.  Gerhardt  chums  to  have 
first  published  in  1843,  were  publidj  taught  by  Dr.  Clark  to  the 
medttnics  of  Glasgow  aucteen  years  previously. 

All  these  theories  were  minutely  described  in  my  pubUcation  of  1834* 
with  many  additions  that  had  occurred  to  me  during  several  years*  con- 
sideration of  the  subject.  That  book  attracted  the  special  notice  of 
another  French  chemist — M.  Dumas,  who,  in  a  course  of  lectures  de- 
livered in  Paris  in  1837,*  treated  it  with  frequent  and  unsparing  ridicule. 
Five  years  afterwards,  Mr.  Gerhardt  discovered  the  theories  of  which  my 
book,  thus  pubhclv  condemned  in  Paris,  contained  the  fiill  devel«)])nieut. 

I  shall  quote  two  or  thn^e  |)as>ag(*s  from  that  Ixjok  to  sliow  tho  won- 
derful coincidence  between  Mr.  Gerhardt  s  theories  of  1842  and  mme  of 

rXnft  ea^ampUj  respt^tmrr  the  Hydrate  ol  Potash.  This  compound  is 
not  contained  in  Dr.  Clark's  Tahlcs.  Mr,  Gerlianlt's  formula  for  it  is 
KHO,  and  he  states  it  to  be  one  of  the  strong  jx^iiiU  of  his  tlieorv ,  tiiut 
th$  hydbrated protoxides  contain  no  water.  Upon  that  fundamental  idea  is 
fcmaded  the  modem  method  of  representing  the  compositkm  of  salts  in 
leference  to  the  oompoaitloin  of  water,  taken  as  a  model.  The  three 
6rmiihe— ~ 

contain  the  essence  of  this  system.  Mr.  Gerhardt  declares  that  he 
originated  that  theory  in  184a ;  bat  here  is  my  aoooont  of  it,  pnbiished 

eight  years  previously : — 

I  quote  from  Chemical  Recreations : — 

**  The  liydrate  of  a  metallic  protoxide  contains  one  atom  of  oxygen, 
one  atom  of  hydrogen,  and  one  atom  of  metal. 

**  Ever\''  chemist  but  mvself  assumes  tlie  liydrate.s  n{  metallic 
prot«Jxides  to  coiiMst  of  metallic  protoxides  coinbiiu'<l  with  water.  They 
make  this  assumption  even  in  cases  where  the  hydi'ates  have  been 
<-xj>js<iJ,  under  common  atmospheric  pressure,  to  a  red  heat,  without 
suiieriug  decomposition  or  giving  oif  a  particle  of  steam.  .  .  .  But  my 
opinion  i.s,  that  the  hydrates  of  the  metallic  protoxides  contain  neither 
protoxides  nor  water,  bnt  are  constituted  of  one  atom  each  of  metal, 
(»ygen,  and  hydrogen.  This  is  the  utHmate  constitation — ^what  the 
proiunaU  constitation  ia,  I  cannot  telL  It  may  be  KH+0,  or  KO-f  H, 

Ltpons  iur  la  PhSosophk  ChimqWf  8vo.  Fans,  1837. 
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or  K4-HO ;  we  hav(;  no  means  of  determining  which.  I  rest  upon  the 
ultiinat<'  constitution."  * 

What  I  meant  by  tho  ditl'cicnce  bctwtH'ji  the  fiioximate  and  ulti- 
mate constitution  of  a  conj^xiund,  is  explained  in  tlie  following  quo- 
tation : — * 

I  have  denaunoed  the  doctrine  of  proximate  constihUim  as  the  ever- 
flowing  soQice  of  chemical  bhinders,  whilst  in  treating  of  the  limits  of 
combiniitioQ»  and  in  the  discrimination  of  positive  and  negative  snb- 
atanoes,  I  have  admitted  the  docfzine  In  its  substanlaal  features.  Pennit 
me  to  reconcile  these  apparent  oonttadictiona. 

According  to  my  thearetiGal  notions,  every  oompomid  is  formed  of 
a|MWiit»M  aabstanoe  and  a  negative  sulietanoe,  each  of  which  may  be  either 
an  element  or  a  compomid.  Thus  the  compound  AB  contains  the  })osi- 
tive  element  A  and  the  negative  element  B.  Tlie  compound  AAB  con- 
tains the  positive  element  A  and  the  oompamtively  negative  compound 
AB.  The  compound  ABB  contains  the  comparativdy  positive  com- 
pound AB  and  tlie  negative  eleniont  B.  Yet  this  is  all  matter  of  th(>ory 
and  opinion,  for  I  am  unable  to  prove  that  tlie  cciiii|K)und  AAB  is  not 
formefl  hy  tlie  dir»^t  (X>mbination  of  AA  with  B,  and  the  comjKjuiul 
ABB  by  tlie  direct  coniT)ination  of  A  with  BB.  The  latter  is  the  pre- 
vailing theory — the  tli  -  ory  of  Dalton;  and  though  I  disljelieve  it,  and 
consider  it  utterlv  incoii.si*;tent  with  the  facts  of  cheniistrv,  it  mav  be 
true.  But  even  aihiiitting  its  trutli,  the  light  it  throws  on  chemical 
composition  is  a  feel)le  one;  for  what  drx'S  it  discover  when  brouglit  t<» 
bear  upon  the  compound  ABC  ?  Does  this  comix)und  arise  from  the 
simultaneous  combination  of  the  three  elements,  or  does  AB  combine 
with  C,  or  AC  with  B,  or  A  with  BC?  And  in  the  case  of  the  com- 
pound ABOCV-is  this  constituted  of  A-f-BCX:?,  or  AB-f-CC,  or  ABC+C, 
or  AC-f-BC,  or  AAC+BBGCC?— These  are  cases  of  peq^U  xity,  in  the 
dis^tanglement  of  which  the  atomic  theory  is  of  no  service.  It  boots 
not  that  we  know  how  many  dementaiy  atoms  of  A,B,  and  0  aie  contamed 
in  a  given  compound.  These  are  but  the  tdtimc^  constituents;  and 
what  we  want  to  know  is,  how  these  are  ccnnbined  together  into  prosBi' 
mate  constituents. 

"  This  is  a  problem  for  future  times  to  solve,  and  it  is  a  prol  lt  m  of 
that  importance  that  we  are  not  warranted  in  assumhxg  its  solution, 
merely  hv  tlie  pnr|X)SG  of  grounding  a  nomenclature  and  a  system  of 
arrangement  upr^n  tlie  assumed  solution.  Yet  this  is  done  in  the  anti- 
phlogistic nomenclature  and  theory.  It  is  assumed  that  sulphate  of 
oarytes  contains  harytes  and  sulphuric  and,  that  nitrate  of  potash  mntains 
potmh  aiui  nitric  acid,  that  caustic  aoda  contams  protoxide  of  siximm  and 
water; — and  these  assumptions  form  the  groundwork  of  tlie  French 

*  Griffin,  J.  J.,  Chemical  Recreations,  7th  edit  1834,  page  229. 
■  Ibid,  page  242. 
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theory  an»l  nomenchituiv' — the  groundwork  of  the  theory  ado].t»il  l>\ — i 
gifted  ikjiv.'jlius,  whu  has  s\)ent  twenty  yt  ars  in  vain  attc*n)})to  to  esta- 
blish  it.  The  root  of  the  systom  of  this  clicrnist  is,  that  in  thf  sulphate 
rif  UtmI  the  oxygien  so  <Uvid<-(l  In^twciMi  thu  biilphiir  iind  the  lead,  that 
Lin-  |M  )rti<fn  combined  with  the  fonm*r  bpan?  to  the  |K>rtion  combinol 
with  the  lutk^r  the  ratio  of  3  to  1.  1  hc-Jsitate  uot  to  t»ay  tliat  tJiui  w  an 
mumniption  incapable  of  proof, 

lleft  lis  examine  the  fomuitioD  of  sulphate  of  lead  with  a  view  to 
discover  its  proximate  constituents 

a.  When  4  i^arts  of  snlphnr  am  concerted  into  solphoric  add  hf 
digBBtton  with  nitric  add^  and  the  solution  is  prodpitated  by  a  sohition 
of  lead,  the  resulting  sulphate  of  lead  weighs  38,  containing  26  of  lead, 
and  consequently  8  of  oxygen. 

6.  When  26  parts  of  lead  are  dissolved  in  nitric  add,  and  the  solution 
is  pmcipitated  by  snlphoric  add,  or  hy  the  solution  of  a  sulphate,  the 
feenlting  sulphate  of  lead  weighs  38,  containing  4  of  sulphur,  and  8  of 
oxygen. 

c  When  30  parts  of  sulphuret  of  lead,  containing  lead  26  and  sul- 
phur 4,  are  converted  by  oxidation  into  sulphate  of  lead,  the  weight  of 
tiie  pr.  «lu<  t  is  38,  including  8  of  oxycfpn. 

d.  When  35  i)arts  of  chloride  of  lead,  which  contain  chlorine  9  and 
lesKi  26,  are  precipitated  by  sulphuric  acid,  the  resulting  sulpiiate  of  kad 
weighs  38,  and  contains  4  of  sn1]»hiir  and  8  of  oxygen. 

e.  W  \\(n  30  parts  of  brown  oxide  of  lead,  which  contains  load  26, 
rt^vrrr-n  4,  are  exposed  to  an  atmosphere  of  sulphurous  acid  g:L>,  they 
ahsi>rl>  8  ]>;irts  ..t  that  arid,  equal  to  QJ^gen  4  and  sulphur  4,  and  pro- 
duce 38  |xirts  ot  .sul])liate  of  lead. 

**  The  information  atiurdtd  by  the  above  experiments  is,  that  sulpiiate 
of  lead  is  com|x>i>ed  of — 

Lead  25 
Sulphur.  •  •  •  .  .  4 
Oxygen  8 

J8 

Bat  none  of  these  experiments  affixrd  the  least  insight  into  the  manner 
m  which  these  dements  are  combined  together,  flie  assnmption  that 
one-lbiirtfa  of  the  oxygen  is  combined  with  the  lead  and  three-lbnrths 
with  the  sulphur,  is  perfectly  gmtuitons* 

The  most  direct  of  the  whole  five  experiments,  s,  is  in  finrour  of  the 

'  In  one  of  Mr.  Gerhard t's  publications  (his  **  Introduction  to  the 
Study  of  Unitar)'  Chemistry  ")  he  follows  precisely  this  line  of  argu- 
ment, with  the  single  difference  of  using  sulpiiate  of  barytes,  instead  of 
salphate  of  lead,  as  his  illustration. 
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ofJ^^^iT  th;it  sulphate  of  lead  is  PbO  +  SO,  a  conclusion  verv  difTorent 
^^^^^^0^Tom  that  w  li:  li  Berzelius  comes  to,  but  which  agrees  precis*  !v  ^vith 
my  opinion  that  26  parts  of  hud  is  the  quaotity  which  is  equivalent  in 
combination  to  a  v<jlaino  of  hydi'ogon. 

It  is  very  well  to  admit  the  dix'trinc  of  proximate  constitntion  in 
theory,  because  it  ib  useful  in  explaining  a  vaiiety  of  ])hi  iiuuiLiui,  such  as 
chemical  combinations,  ekxtriciil  decompositions,  and  the  like.  But 
when  we  come  to  arrange  the  products  of  chemistry  into  a  system,  and 
to  give  them  systematic  names,  the  only  safe  way  to  view  them  is  in 
lemon  to  their  ultimate  oonstitatioii.  It  is  only  by  foonding  a  nomen- 
datcire  upon  this  bests,  that  we  can  hope  to  avoid  the  perplexities  which 
arise  £rom  the  fftuss-vjork  of  the  prozimatists. 

"  But,  it  may  be  said,  in  rejecting  proximate  constitution,  and  stating 
only  the  nltimate  oonstitotion  of  compounds,  you  give  false  notions  of 
secondary  compounds,  the  properties  of  which  depend  upon  the  natore 
of  their  proximate  cxmstituents.  Thus,  sulphate  of  baiytes  derivea  its 
properties  from  the  sulphuric  acid  and  Iwytes  wliich  compose  it. 

"  I  reply.  No ! — Sulphate  of  bora  tes  derives  its  properties  from  the 
barium,  sulphur,  and  oxygen  which  coni|)ose  it,  just  as  sulphuric  acid 
and  barytes,  considered  as  distinct  comixmnds,  derive  their  properties 
from  the  same  ultimate  elenicnts.  In  short,  viewed  in  any  light,  it  is 
the  ultimate  elements  which  determine  tlie  character  of  the  compounds. 
There  is  a  fashion,  but  no  utility,  in  as.suming  proximate  constitution,  as 
the  basis  of  a  systematic  nomenclature." 

Second  Example.  Mr.  Gerhardt  states  that  he  was  the  first  to  deny, 
that  the  hydiated  adds  contained  the  elements  of  wator.  In  that,  how- 
ever, he  is  mistaken*  Dr.  Clark's  Tables  prove  him  to  have  taught  that 
doctrine  sixteen  years  previously,  and  I  will  now  quote  from  my  Paper 
of  1634  a  full  devdopment  of  the  theocj  which  considers  hydrated  adds 
as  salts  of  hydrogen. 

pn  making  this  quotation  I  have  changed  figures  that  represent 
wights  of  ultimate  elements  for  symbob  that  represent  atovis — the 
change  being  made  ;iccording  to  the  atomic  weights  given  in  another 
part  of  the  same  book.] 

"  The  following  Table  exhibits  the  constitution  of  a  variety  of  com- 
pounds in  which  hvdrogen  is  an  essentia!  constituent  I  have  in«;ort<xl  a 
few  comyxjnnds  wliich  contain  no  hvdrogeu,  for  the  purp'^'^sc  of  eontrast- 
ing  their  constitution  Avith  that  of  particular  hydrogen  compounds  some- 
what related  to  them : — > 
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1 

H 

O 

Peroxide  of  Hydrotren. 

H« 

O 

Water. 

H 

s 

Sulphuretted  Hvdroeen  Gas* 

H 

CI 

Muriatic  Acid  Gas. 

H 

0» 

CI 

Hydrate  of  Chloric  Acid. 

H 

0» 

.N 

 Nitric  Acid. 

0* 

N« 

Drs'  Nitric  Acid  (chimerical). 

0* 

N,K 

Nitrate  of  Potash. 

H 

o« 

Hydrate  of  HyponitiOQS  Add. 

H 

0« 

S 

 Stuphuric  Add. 

0* 

F 

Sulphate  of  Potash. 

H 

c 

EfSoresoed  Qialic  Add. 

H 

c 

Bicaiiynret  of  HydrogeD* 

H« 

c 

Olefiaiit  Gas. 

H* 

c 

Gas  of  Marshes. 

H 

C,N 

Prussic  Acid. 

N 

Ammonia  Gas. 

H* 

_ 

N 

Ammonium  (imamnars'V 

H* 

N,C1 

Sal  Ammoniac  (Chloride  of  Ammonium.) 

Nitrate  of  Ammonia. 

H 

0 

K 

C;ui>tic  Potash. 

H 

0 

Ca 

Hydrate  of  Limo  (Slaked  Lime), 

o 

Ca« 

Anhydrous  Lime  (Quick Lime). 

H 

C) 

Si 

Hydrate  of  Silica. 

0 

Si» 

Silica. 

I  beg  to  call  the  student's  particular  attention  to  this  Table,  and  to 

the  following  two  memoranda:— 

•*  L  The  diflerence  l)etween  an  ACID  (namely,  a  kydrated  add,  and  a 
SALT,  is  this: — The  former  contains  one  combining  proportioii  of  hy- 
droffen,  where  the  lattor,  instead  of  tliis  hydrogen,  contains  esBcA^  one 
combining  proportion  of  a  tnetcdt  aU  other  constituenUf  both  of  the  add 
and  salt,  remaining  the  same : — 

Examples : — 

S  ,0*,H  =  Sulphuric  Acid. 
S  ,0*,  K  =  Sulphate  of  Potash. 

N,0»,H  =  Nitric  Arid. 

N  ,0 K  =  Nitmte  uf  Poiasii. 

C,0*,H  =  Oxalic  Add 
C,0*«K  s  Oxalate  of  Potash* 
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CI,     ,H  =  Muriatic  Acid. 
CI,    ,  K  =  Muriate  of  Potash, 

01,0  ^H  =  Chloric  Acid. 
a,0%K  =  Chlomte  of  Fotaslu 

Nnmbeflefls  illostaitions  of  this  sort  ooold  be  given,  but  these  suffice  to 
oonfirm  the  above  proposition,  viz.,  that  the  nj^diated  adds  are  simply 
salts  of  hydrogen.  The  reason  why  I  wish  to  <urect  t!ie  student's  atten- 
tion to  this  subject  is,  that  in  every  chemical  hock  which  falls  into  his 
hand,  he  will  fiiid  the  absurd  proposition  gravely  inculcated,  that  the 
saUs  CONTAui  adds;  that,  for  eiample— 

Sulphate  of  potash  contems  sulphuric  add. 
Nitrate  of  potash  contains  nitric  acid. 
Oxalate  of  potash  conkwis  oxalic  add, 
Muriate  of  potash  contains  muriatic  acid, 
Clilorate  of  potash  oontams  chloric  add ; 

all  of  which  assertions  are  destitute  of  the  smallest  foundation  in  truth, 
and  are,  indeed,  sdf-evident  nnposslbilities.  In  fact,  it  would  be  quite 
as  correct  to  say,  that  sulphuric  add  contains  sulphate  of  potash,  as  to 
say  that  sulphate  of  potash  contains  sulphuric  add.  The  truth  is,  that 
they  are  two  distinct  compounds,  each  of  which  contains  the  same 
number  of  constituent  atoms,  but  ndther  of  which  does,  or  can,  £>nn 
pari  of  the  o^er. 

**  n.  S^eondfyt  tihe  difference  between  a  hydrate  of  a  protoxide  of  a 
mUdl  (such  as  slaked  lime)  and  an  €mhydrous  protoxide  of  a  metal  (such 
as  quiddhne)  is  this: — ^The  dinner  contains  a  combining  ^uo^k  ition  of 
hydrogen  where  the  latter  contains  a  combiniDg  proportion  of  a  metaL 
The  difeenoe  between  a  hydrated  protoxide  and  an  anhydrous  protoxide 
is,  tfaeiefbie,  the  same  as  the  diflerence  between  an  add  and  a  salt  In 
lx)tli  cases,  one  of  the  compounds  contains  a  combining  proportion  of 
hydrogen,  which  is  replaced  in  the  other  by  a  combining  proportion  of  a 
metal. 

Examklb: — 

Ga,H,0  Hydrate  of  lime. 

Ga,Ca,0    •   •   •   .   Anhydrous  lime. 

This  is  the  case  with  all  the  metallic  prutoxides.  It  is  needless  to 
incumber  the  rukiouiiig  with  iUiLstmtions. 

•*  These  hydrates  of  protoxides  contain  no  water,  for  tliey  contain  but 
one  proportion  of  hycfipgen,  whereas  water  contains  two  pro|)ortions. 
Tet  they  give  off  water  when  exposed  to  heat,  and  they  produce  nothing 
else  than  anhydrous  protoxides.  There  is  no  difficult  in  ascertaining 
how  this  e£fect  is  produced,  or  in  showing  the  source  of  the  constituents 
from  which  the  water  \Bprodaoed  by  this  experiment : — 
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Two  proportioiia  of  Hydrate  of 

Lime. 

CallO 
CaHO 


What  they  produce  by  expo- 
sare  to  heat 

CaCaO 
HHO 


**  The  greater  part  of  the  num<  rous  acids  and  salts  which  contain 
oxygen  as  a  constituent,  appeal*  to  tail  within  tl«e  limits  of  the  following 
scheme,  in  which  M  signifies  the  metal  or  hydrogen  (i.  c.  the  electro- 
positive ooDStituent),  R  the  radical  of  the  salt,  and  O  the  oxvgcn ;  the 
figures  denoting  the  number  of  atoms  pfesent  of  the  element  after  which 
they  stand . — 

Class  I.  M*K^*.    Silicates.    Many  of  the  salts  in  which  both  M 

and  R  are  metals.  Hy[)osnlphites. 

„  11.  M*R'0'.   Sulphates.    Oxalates.    Ghlorites.  Hv]x)nitrites 

(Nitrites).    Maoganesates.  Seleniates. 

„  III.  U'WCf,   Nitrates.   Chlorates.  lodates.  Bromates. 
„  TV.  M'BK)*.  Pendilorates. 

„  v.  WRH^.   These  are  a  spedes  of  basic  salts  of  Class  a, 

namely,— MO  +  BO  +  MO.  Oeurbonates. 

„  VI.  M'RH)^.   These  are  a  species  of  add  salts  of  Class  a, 

namely,  MO  -|-  RO  +  RO.  Many  metallic 
salts.  Hyx>osttIphates. 

„yn.  M*R^.   Sulphites.  Selenites. 

"  Tlie  8UPKii-  or  Bi-salts  commonly  contain  an  atom  of  a  metallic  salt 
and  an  atom  of  a  hydrogen  salt.  Thus,  bifailphatp  of  pot:\sh  contains  an 
atom  of  sulphate  of  potash,  ari  l  aa  atom  of  oil  of  vitriol ;  liinoxalate  of 
soda  a")ntains  an  atom  oi  oxalic  acid,  and  an  atom  of  oxalat*-  of  soda. 

•*  I  tliirik  that  the  word  ACli>,  Vikvu  as  a  substantivo  name,  ouglit  to 
be  disTis(>d  in  clK'mistiy.  It  has  done  mischief.  It  ought  to  be  em- 
ploy c\l  only  as  denoting  a  quality."  * 

Such  is  the  theory  of  acids  and  salts,  as  advocated  by  me  in  1 834. 
With  what  jostioe  can  M.  Gerhardt  prodaim,  that  the  first  and 
Weightiest  pomts  of  tills  tiieoiy  were  originally  demonstrated  by  him  in 
1842? 

I  have  yet  another  claim  to  examine,  '*  Who  was  it,"  asks  M,  Ger- 
hardt, that  devised  the  method  of  tordm^,  which  is  employed  by 
Williamson  and  the  other  English  chemists  to  exhibit  the  diffisrenoes  of 
these  methods  of  combination  ?** 

Now  there  are  txco  **  methods  of  writing  "  to  be  noticed  in  M.  Ger- 
hardt's  pabhcations.    The  first  consists  in  writing  the  formoke  of 

'  GiatM.\,  J.  J.,  Chemical  lUct'tatkmSt  7th  edit.,  1S34,  pp.  92-6. 
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chemical  oomponnds  in  a  tenaxy  form,  as  if  tiie  sjmbola  were  placed  at 

the  three  angles  of  a  triaogie,  ^  O* 

The  other  method  qfwiHng  oonaiats  in  eoDStmdaiig  fonnttbe  in  the 
mauDer  which  Gerhardt  and  Laurent  tens  mnTAxi  formula.  These 
'  formnle  aie  ftamed  in  aooordanoe  with  the  £}Uowing  hypodieees : — 
namely,  that  salts  do  not  oonmst  of  acids  and  bases;  t£at  we  know 
nothing  of  the  proximate  oonstitation  of  salts ;  that  it  is  impossible  to 
determine  in  what  manner  the  atoms  of  the  oltimate  elements  of  salts  are 
grouped  together ;  that,  consequently,  the  construction  of  dnalistic  for- 
mulae, which  affect  to  explain  the  oonstitation  of  salts,  is  nnwarranted; 
and,  finally,  that  the  symbols  composing  each  fonuula  should  be  made 
to  represent  only  a  single  molecule. 

Here  then  u  e  have  two  decidedly  ditrprent  methods  of  xmrH'mg.  Wo 
have  the  umkmj  system,  founded  upon  the  know-nothing  principle,  and 
we  iiavc  the  ternary  system,  founded  upon  that  jx'rfect  knowledj[;e  of 
proximate'  constitution,  whicli  enables  tlic  chemii>t  unerringly  to  divide 
the  components  of  ever)'  salt  into  three  distinct  portions,  upon  the  model 
of  water. 

I  am  not  (jiiite  certain  which  of  these  two  "  methods  of  writing  "  it  is 
that  M.  Gerhardt  claims  tu  have  rnvented ;  but,  if  I  may  judge  from 
the  formulee  commonly  em[iloyed  by  Professor  Williamson,  I  must  con- 
clude tliat  it  is  the  triangular  system  to  which  he  refers.  The  invention 
of  that  kind  of  fornmla  may,  for  aught  I  know,  be  due  to  M.  Gerhardt. 
It  certainly  does  not  belong  to  me ;  and,  for  reasons  that  I  shall  hereafber 
state,  I  disapprove  of  it 

But  the  ternary  fbrmiile  are  only  of  recent  inventioii.  The  formnls 
that  M.  Gerhardt  nsed  for  yean  previously,  and  which  he  strongly  re- 
commended in  his  Jonmal,  are  the  unitary  formula!,  in  the  constractiGn 
of  which  he  recommends  especial  care  to  be  taken,  to  give  no  indication  i 
of  the  proximate  ccnstitution  of  the  oompoonds  whi^  the  fbrmnle  are 
meant  to  represent 

In  expressing  an  opinion  adverse  to  snch  wdtary  formnls,  I  no  doubt 
agree  with  the  general  body  of  chemists;  but  treating  the  question,  as  I 
do  now,  historically,  truth  obliges  me  to  admit,  that,  for  their  introduc- 
tion to  chemists,  it  is  not  M.  Gerhardt,  but  I  that  am  responsible*  The 
evidence  of  this  fact  is  contained  in  the  extract  from  my  Romance  of 
Chemistry y  which  I  have  quoted  at  page  lo.  In  that  article  I  dis- 
cussed the  question  of  proximate  and  uJtimati^  constitution,  and  after 
showing  that  the  theory  which  ^issumes  that  salts  consist  of  acids  and 
bases,  is  one  that  does  not  admit  of  proof,  I  n'commended  that  the  for- 
mulae of  compounds  should  in  all  Ciises  be  made  to  represent  only  their 
ultimate  elements.  1  added,  indeed,  that  such  formulae  should  be  written 
in  a  systematic  manner  (and  not  designedly  ha^j-hazard  as  Mr.  Laurent 
advises),  but  still  I  recommended  the  ibrmul^  to  be  so  written  as  to  express 
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00  thwrv  nf  the  proximate  constitution  of  the  compounds  ;  and  in  order 
to  show  that  rlic  M  sti'iu  thus  recouiiiiciidcil  was  quite  practical,  1  ]>re- 
I  x'DUxi  in  C'fitimcal  Jit'creafiom  n  serie  s  of  tables  of  unitary  fonuula', 
I  pivs'^ntinjT  nearly  8co  of  the  thru  Ik-nI  known  ronijiuunds  of  inorganic 
I  rhajtishy,  to  whicli  dc))artiiicnt  of  chiniistrv  alune,  did  I  applv  the 
.niturv  system.   Tiuit  was  in  the  year  1834.    lu'considurinsf  the  iiiatu  r 
I      I&3  -3,  and  including  in  the  reconsideration  wh.ii  is  now  known  of  the 
nature  and  constitution  of  tlie  hydrocarbons  and  other  compound 
odicab,  I  am  of  opinion  that  ttnitaiy  ibnnalffi  are  equally  inappUcable  to 
Qiganic  and  to  hioiganic  compounds^   We  now  possess,  thanks  to  the 
discoveries  made  in  oiganic  chemistiy,  vaanj  of  them  due  to  G^hardt, 
mttcb  positive  knowle&e  of  the  pioximate  constitution  of  chemiasd  com- 
pounds,  and  this  knowledge  the  use  of  nnitsir  fonnnte  would  hide  or 
o^rstify.  A  mere  glance  at  Gmelin's  account  of  Isomerism,  Polymerism, 
md  Metamerism,'  aflbids  conclusive  evidence  of  the  worthlessness  of 
unitary  formuIoB  in  organic  chemistry,  since  the  cases  are  numerous  in 
which  a  single  unitary  formula  would  indicate  two,  three,  or  four  dlf- 
fermfe  organic  compounds.   Thus,  the  fonnula  C'H^H>*  would  repre- 
sent— 

Butyrate  of  ethvl  .    .    .  C*H^C*H•0^ 
Fonniatc  of  am'vl  .    .    ,  eH^SCHO*. 
Vale  rate  of  methyl     .    .  CH^C»H«*0•. 
Hydrated  caproic  add    .  H,CH"0*. 

In  this  case,  eight  wdl-known  radicals  possessed  of  highly-characteristic 
properties  would  be  smothered  hy  the  unitary  formula,  CH"0*.  Whole 

:  pages  of  similar  difficulties  could  be  quoted ;  but  it  is  needless  to  quote 
them,  when  a  single  exampl*  «  xlinguishes  all  faith  in  the  predsion  and 

:  perspicuity  of  that  "  method  of  writing,"  wliic  h  is  called  miitary. 

j  Tbe^'  partiailars  constitute  my  reply  to  Mr.  Gerhardt's  challengo. 
He  asked,  who  first  published  the  unitary  theory  of  hydnition  ?  I 
reply,  that  the  unitary  theory  of  hydrated  Acids  was  first  published  by 
Dr.  Clark,  and  that  of  hydra t^^i  Bases  by  me.  Jklr.  Gerhardt  txx}k  up 
thf^o  theoriryi  when  tliey  were  neglecte<l  or  (h^Tiftl  l)v  other  cliemists, 
and,  in  conjunction  with  Laurent,  applied  them  to  organic  chemistry, 
and  urx.'*l  them  as  a  guide  to  numerous  and  brilliant  discoveries.  That 
is  a -real  merit,  wliich  I  esteem.  He  did  cliemists  another  im]>ort;int 
ser\ice,  which  many  have  ridiculed  aiui  ilw  hav(;  properly  appreciated. 
He  showed  how  they  cuuld  get  rid  of  those  troultlesome  hypothetical 
compounds,  the  sesquioxkks.  For  that  service  chemists  will  yet,  thank 
lum.  But  his  challenge  to  the  world,  to  disprove  his  claim  to  the 
invention  of  the  theories  of  hydralioii  that  I  have  dted  in  these  pages  is 
unjost  to  Dr.  Clark  and  to  me. 


Gmelin's  Ilaudljouk  of  Chemistry,  vii.  GG. 
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The  Binary  Theory  of  Salts. 

I  hm-e  already  mentioned  that  my  attack  on  Lavoisier  s  thcor)'  of  tlie 
SiUte  was  treated  by  M.  DunuLs  with  ridicule;  but,  notwithstanding  his 
ex^nessed  couteaipt,  my  speculations  apiK-ar  to  have  roused  him  to  conr 
slder  how  far  they  might  endanger  the  continued  acceptabili^  of  Iay€A- 
siers  theory.  He  describes  hinuelf  to  have  been  actuated  by  the  aiga- 
ments  of  Davy  and  Dulong ;  bat  these  chemists  had  pubtished  their 
tlieories  twenty  years  before,  and  I  might  ask,  how  it  happened  that 
they  remained  without  rei>ly  from  1816  to  1837  ?  Was  it  not  that  my 
l)aijer  first  brought  the  subject  distinctly  into  pubUc  notice?  That  I 
may  not  be  chimed  with  undue  presumption  in  claiming  the  credit  of 
having  first  drawn  attention  to  this  subject,  I  will  point  out  the  fact, 
that  none  of  the  following  systematic  works  contain  any  allusion  to  the 
binary  theory  of  the  salts  as  propoimdod  by  Da\7  and  Dulong,  or 
express  any  doubt  of  tlie  absolute  jierfection  of  the  theory  of  Lavoisier. 
Ihtmas,  Trait(5  de  Chiniie  appliqu^e  aux  arts*    Li^ge,  1848.  Reprinted 

from  the  Pai  is  cnlition  of  about  1830. 
Tlienard^  Trait^  de  Chimie  Elenientaire.    Paris,  1827. 
Gay-Lnssac,  Cours  de  Chimie,  profess^  a  la  Faculte  des  Sciences,  com- 
]>rf  nant  I'liistoire  des  sels,  la  Chimie  vec:(^tale  et  auimale,  Pai-is, 
1833.    Tho  Ir-ctnres  were  deliventl  in  1828. 
Berzelius,  Lelutuch  der  Chemie,  uberscUt  von  F.  Woiiler.  Dresden, 
1831. 

GimUiiy  Han<ll)Ufli  dor  tliooretisclu.-n  Chemie.    Frankfort,  1827. 
}>chubarth,  Eh  nu  ntc  der  tcchnisch«  ii  Clicnuo.    Bei'lin,  1S35. 
Brande,  Mumuil  of  Chemistry.    London,  1830. 
Heiir^^  Elements  of  Experimental  Chemistry.    London,  1829. 
Thomson^  System  of  Chemistry  of  Inorganic  Bodies.    London,  183 1. 

If  the  limary  Theory  of  Salts  was  clearly  explained,  and  Lavoisier's 
theory  as  clearly  reftittil  by  Davy  and  Dulong  in  181 5  and  1 816,  how 
came  all  these  eminent  compilers  of  systems  to  take  no  notice  of  circum- 
stances so  remarkable? 

M.  Damas  discussed  the  question  as  follows  >^ 
I  do  not,"  he  says,^  *'  undertalffi  to  demonstrate  that  the  system  of 
Lavoisier  on  the  constitution  of  the  salts  is  exact  It  was  established 
on  a  principle  of  convenience.  It  is  not  baseil  upon  peremptory  proofe ; 
but  I  wUlmgly  undertake  to  show  that,  before  all  other  systems  that 
have  been  proposed,  there  rise  objections  of  still  greater  force  than  those 
which  rest  against  the  theory  of  Lavoisier, 

"  L't  us  rommonro  with  the  sy;^tom  of  Davy,  to  the  support  of 

'  Dumas,  Lt'^'uns  sui"  la  Pliilo3<<plae  Cliimi(.|ue.  8vo.  Paris,  1837, 
r-  337- 
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which  Dulong  has  leat  his  powerfnl  aicL  Aocording  to  Lavoisier  there 
tte  only  oxygen  acids.  Davy  said,  I  will  show  you  that  all  acids  are 
hydrpgen  adds.  Yon  bolieve,  said  he,  that  the  compound  denoted  by 
SO*  is  an  acid.  In  that  belief  you  are  entirely  mistaken.  80^  is  not 
an  add.  I  defy  yon  to  show  me  the  characters  of  an  acid  in  that  com- 
pound.  And  strange  to  say,  if  we  acc6pt<>d  Davy's  challenge,  we 
should  be  powerless ;  for  it  is  really  impossible  to  prove  that  anhydrons 
suJ]  jJniric  acid  is  an  acid. 

•*  TIk'  tni<'  acid,  said  Daw,  is  thv  (;rdiii.irv  liquid  arifl,  S0\  H*0. 
But  uTotc  it  in  another  nianiuT,  thus,  feO^-f-^l*.  Voii  will  roiidily 
aaiD'ivL'  that  this  acid  in  contiict  with  the  bases  ought  to  lM*liavc  like 
othPT  hyilnicids.  Its  hydro<TPTi  wonlt]  form  wat^r  with  the  «»x\  l'<'ii  ui 
the  Uk»e,  and  it4  radical  SO*  woiiKl  combine  with  the  metal;  so  that 
the  substance  that  \\  e  call  sulpliate  of  lead,  would  not  be  constituted  like 
SO*4-PbO,  but  like  SO*+Pb. 

**  Dulong  supported  the  ideas  of  Davy  by  considerations  on  the 
OKahtes  which,  un  Davy's  system,  would  result  firom  tlie  combination  of 
carbonic  add  with  the  metals ;  a  view  which  gives  a  ready  ezplanation 
of  the  properties  of  the  oialat45iB, 

It  is  difficolt  to  attack  this  theoiy  of  Dav/s.  It  appears  to  be 
ao  well  fi>unded.  It  is  so  rational.  It  so  greatly  simplifies  chemistry. 
It  leaves  ns  none  bat  hydradds.  All  saline  compounds  are  brought  to 
one  formula,  or  ratlier  salts  are  abolished,  and  we  have  onh-  binaries;  for 
the  bodies  regarded  as  salts  become  the  analpgaesof  chloride  of  sodium. 

We  are  tempted  to  adopt  this  theory,  or  at  least  to  remain  widedded 
between  it  and  the  theory  of  Lavoisier. 

**  Nevertheless,  reflection  shows  us  two  motives  that  repel  this  system ; 
motives  so  |>)werftil,  that  to  me  they  ap|^^r  decisive. 

The  first  objection  is,  that  it  is  necessary  to  admit  the  existence  of  a 
nuniVHT  of  bodies  that  wc  have  never  seen,  and  which  we  iicmI  never 
exj»  '(  t  to  se<? — [K-r-snlphuric  acid,  per-nitric  acid,  per-<:.ul)onic  acid,  6ce. 
In  a  word,  everv  oxacid  would  presume  the  existence  of  another  com- 
j^-jund  containing  one  extra  ))ro|i  n  Mon  ofoxyg<en.  ^>'ovv,  1  declare,  that 
whenever  a  theory  requires  tJie  admission  of  unknown  bodies,  on^ht 
to  distrust  iL  We  ought  to  give  no  iissent  to  it,  exce])t  with  the 
greatest  reserve.  We  should  not  assent  until  it  is  impossible  to  abstain 
mom  doing  so,  or  at  least  we  should  assent  only  in  presence  of  tlie  most 
pressing  analogies.  The  more  a  theory  gives  origin  to  imaginary  bodies, 
the  more  we  should  control  cur  credence.  By  acting  otherwise,  we 
should  fiill  back  into  the  inconveniences  of  phlogiston ;  and,  in  this  case» 
we  should  not  have  merely  one  phlogiston  to  trouble  us,  we  should 
have  a  cloud  of  phlogistons.  The  unknown  coniix^unds  would  be 
nearly  as  numerous  as  the  known  compounds;  and  thence  would  anse 
a  oonfusioa  and  embarrassment  for  science  to  which  we  ought  not  to 
resign  onrselves,  except  in  obedience  to  a  real  and  imperative  necessity. 

c2 
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"  Tlx  I  is  another  reason  which  augments  the  improbability  of  these 
hypotlit'scs.  Recently,  it  has  btvn  shown  that  phosplioric  acid,  dissolved 
in  water,  can  nssnme  tlire^  '  diiierent  states,  in  eiich  of  which  it  manifests 
ixjculiur  pro|>crtii  >.    In  fact,  it  forms  thrcHj  distinct  hydrates — 

PhH)*,3H«0— Pli*0*,aH«0— PhH)»,H«0. 

The  first  of  these  hydrates  has  received  the  name  of  oommon  phosphoric 
acid;  theseoood,  of  ])yrophosphoric  add;  and  the  third,  of  metaphos- 
phoric  acid.  These  three  acids  prodooe  three  diffevent  sorts  of  salts,  in 
wiiich  the  water  originally  combined  with  the  acids,  is  replaced  by  bases^ 
atom  for  atom,  eitb^  partiallj  or  totally.  Moreover,  the  three  varieties 
of  acid  pass  readily  from  any  one  condition  into  the  others,  either  ihim 
loss  of  water  by  calcination,  or  from  gain  of  water  by  prolonged  contact 
with  that  liquid.  There  consequently  exists,  on  tlie  one  hand,  incon- 
testable diflerenoes  among  them,  and  on  the  other  hand,  indications  of 
great  natural  resemblances.  The  simple  forraulaj  commonly  assigned  to 
these  acids,  exhibiting  differences  which  we  may  compare  to  those  that 
exist  between  alcohol  and  ether,  present  an  intelligible  acmmt  of  their 
common  features  of  a^^recnient.  But  if,  instead  of  considering  tlusc 
compounds  as  hydrati-s  of  the  same  oxacid,  we  treat  them  as  difierent 
bydracids,  the  formuke  become — 

Ph>0»,H«— Ph"(y,H*— Ph«0«.IP. 

Here  we  pcjroiive  grave  changes  in  nature  fur  Ixxiies  that  pas.?  so  easily 
from  one  state  to  the  otlier.  VVe  admit  differences  in  cunipusitioii  of  the 
first  importance  to  explain  differences  in  properties  of  ver)'  secondaiy  im- 
portance.  The  efl^  is  by  no  means  in  proportbn  to  the  cause. 

^  I  insist  upon  these  arguments,  because  lean  find  no  others  to  oppose 
to  the  system  maintained  by  Davy  and  Dulons.  The  question  is  there- 
lore  not  decided.  It  is  possible  that  this  thcor^^  may  suddenly  rise 
triumphant,  supported  by  some  discovery  of  a  nature  to  give  it  new 
forosb  But  at  present,  I  thinlc  it  should  be  rejected,  because  of  that 
innumerable  multitude  of  imaginary  compounds  which  it  calls  into  exist- 
ence. If  I  could  see  only  a  part  of  these  com|x>unds,  I  should  have  less 
reluctance  to  believe  in  the  existence  of  the  rest." 

In  tliis  passage  Dumas  ascribes  the  binary  theory  of  salts  to  Davy, 
into  whose  mouth  he  put^  a  speech,  which  woidd  doubtless  have 
astonished  the  F(11<avs  of  the  Royal  Society,  unused  as  they  are  to  thea- 
trical displays.  I  have  looked  in  vain  through  Davy's  work  to  find  the 
cliailenge  which  Dumas  ascribes  to  him.  Mo??t  chemists  who  liave  dis- 
cussed this  subject,  since  Dumas  i)ul)li.>lied  the  remarks  which  I  have 
(juotod,  refer  to  Davy  as  the  originator  of  tiie  binary  theorv,  but  neither 
Graham,  nor  Kane,  nor  ^liller,  quote,  or  even  refer  to,  the  terms  in 
which  Davy  set  forth  his  doctrine.  Tiie  following  passages  are  the  mc>st 
explicit  on  this  subject  that  I  can  find  in  Davy's  works. 
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"It  appears  t]i:\t  this  now  sul>staiice  [ono  of  the  gasmis  com  pounds 
of  ihlnrino  and  oxygen],  thouo^h  it  contains  four  ])r()portions  of  oxygen, 
Is  not  Mi  acid  :  and  hence  it  is  ])rol)al)l«.*,  tliat  the  acid  fluid  comjx)im»l 
0!  oxvgen,  chlorine,  and  water,  whirii  M.  Oav  LiiRSfic  calls  chloric  acid, 
owcs  its  acid  powers  to  coinhined  hydrogen,  and  that  it  is  analoL:;()Us  to 
the  oilu'T  hyperoxynniriates  [chlorates],  which  are  triple  cunij)oundi>  of 
inlkinmaV)le  base:^,  cldorine,  and  oxygen,  in  which  the  1);ln<'  an<l  the 
dilorine  determine  th**  chamcter  of  the  comjKnind,  ^luiiaU'  of  }x>tiis.sa 
^  a  perfectly  neutral  lx>dy  ;  and  when  six  projiortions  of  oxygen  are 
aided  to  it,  it  still  remains  neutral.  Muriatic  acid  (chlorine  and  hy- 
drogen) is  a  strong  acid ;  and  according  to  the  relation  above  stated,  it 
m^t  not  to  lose  its  acid  powers  hy  the  additioii  of  six  propurtiotis  of 
oiYgeo.  Till  a  pme  oombinatioii  of  chloriiie  and  oxygen  is  obtained, 
ponessed  of  add  properties,  we  liave  no  right  to  say  that  chlorine  is 
capable  of  being  acidified  by  oxygen,  and  that  an  add  compound  exists 
in  the  hyperoxymuriates.  We  Imow  that  chlorine  is  capable  of  being 
49onT€rteid  into  an  acid  bv  hydrogen,  and,  as  I  mentioned  in  my  last 
paper,  where  this  prlndple  exists,  its  energies  ought  not  to  be  over- 
looloBd;  and  all  the  new  facts  confirm  an  opinion  which  I  have  more 
than  once  before  submitted  to  the  consideration  of  the  Sodety,  namely, 
that  addi^  does  not  depend  tipon  any  /Mt^tilteir  elementary  substance^  but 
1^  peculiar  oombmaHons  of  various  substances.*'  PM.  2Wm9.,  read 
Hay  4,  i8i;. 

"I  have  discovered  a  gaseons  combination  of  four  proportions  of 
oxygen,  and  one  of  chlorinp,  which  has  no  acifl  properti(\s.  M.  Gay 
Lassac  lias  discovered  a  compound  of  two  proportions  of  hydrogen,  one 
ofclilorine,  and  six  of  oxvgen,  which  ha-n  acid  pro|ierties  ;  but  he  con- 
siders tliis  suV^stance  men  lv  as  chlorino  a(;idifi<'<i  l)r  oxvgen,  and  neglects 
the  hvdr.tgen,  without  which,  howi-vta*,  he  allows  it  cannot  exist.  He 
f?ip[<>^<'s  that  tills  acid  of  one  projiortion  ofclilorine  and  five  c-f  <ixvp  n, 
eiiats  m  all  the  hyperoxy muriates,  but  he  dors  not  su])|Mirt  Ins  suppo- 
sition bv  nnv  ])ro^)f  Thij  hypx^roxy muriates  arc,  as  1  showed  six  years 
conijK)S(Mi  of  one  ])roportion  of  chlorine,  Cine  of  a  l>asi;>,  and  six  of 
oxygen,  flydros^en,  in  M.  (iay  Lussac's  chloric  acid,  may  be  considered 
35 acting  tilt-  \m't  uf  a  base;  and  it  is  an  im})ortant  circunisUince  in  the 
hm  of  definite  projx)rtions,  that  when  one  metallic  or  inflammable  basis 
eoabines  with  certain  proportions  of  a  compound,  all  others  combine 
with  the  same  proportions. 

^  M.  Gay  Lussac  states,  that  if  chloric  acid  be  not  admitted  as  a  pure 
mabination  of  chlorine  and  oxygen,  neither  can  the  nitric  or  sulphuric 
sods  be  admitted  as  pure  combinations  of  oxygen.  This  is  ]>erfectly 
obvious*  An  acid  composed  of  five  pro{)ortions  of  oxygen  and  one  of 
nitro^  is  altogether  hypothetical ;  and  it  is  a  simple  statement  of  &cts 
to  mj  that  liquid  nitric  add  is  a  compound  of  two  proportions  of  hv- 
drogei,  one  of  azote,  and  six  of  oxygea ;  and,  as  I  show^  long  ago,  the 
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only  diiimr.Cf  i'ctwocn  nit!'-  nnd  hvperoxyimiriiito  of  jKjtnsh  is,  that  One 
contains  a  in'ujiortion  of  azot<.',  and  the  other  a  prcijortiuii  oi' chlorine. 

**  There  nre  vcrv  i\>\v  of  the  snl>stance??  wliich  have  alwavs  IhH'H  ron- 
sidtTcd  iLs  iiL'Utnd  ^alts,  that  rral I v  contain  the  acids  and  the  alkaliits  froxii 
which  they  are  formed.  The  muriates  and  i1lkiu->  must  be  admitted  to 
contain  neither  acid  nor  alkaUne  bases.  Most  of  the  prnssiates,  M.  Gay 
Lussac  has  latelj  shown,  are  in  the  same  case.  Nitric  and  sulphuric 
acids  cannot  be  procuxed  from  nitrates  and  sulphates  without  the  inter- 
vention of  some  body  containing  hydrogen ;  and  if  nitrate  of  ammonia 
were  to  be  judged  of  from  the  results  of  its  decompositioi),  it  must  be 
regarded  as  a  compound  of  water  and  nitrons  oxide. 

Only  those  acids  which  are  compounded  of  oxygen  and  inflammable 
liases  appear  to  enter  into  combination  with  the  nxed  allvahes  and  alka* 
line  earths  without  alteration,  and  it  is  impossible  to  define  tlie  nature 
of  the  arrangement  of  the  elements  in  their  neutral  comjx)unds.  The 
j)hosphate  and  carbonate  of  lime  have  much  loss  tho  character  attributed 
to  neutrn-saline  bodies  than  calcane  (muriate  of  lime),  and  yet  this  last 
Ixxly  ii$  not  Icnown  to  contain  acid  or  alkaUne  matter.  The  chloriodic 
aci^l,  the  phosganic  acid,  and  the  binan-  acids  containing  hydrop  ii,  com- 
biiH'  witli  ammonia  without  decomposition,  but  thcv  ap^vcar  to  l  o  dc- 
conijx>s(Hl  in  acting  upon  the  fixetl  alkalies  or  alkaline  earths ;  and  yet 
the  solid  suiistances  thev  form  have  all  the  chnrarters  Aviiicli  wwo  ior- 

* 

nurly  n-gardwl  as  peculiar  to  neutral  s.ilts.  consisting  of  acids  and 
a.k  ilies,  though  they  none  of  them  contain  the  acids,  and  only  the  two 
first  of  the  series  the  alkalies,  from  winch  tliey  are  forniecL 

"The  substitution  of  anak.^y  tor  foct  is  the  bane  of  chemical  philo* 
sophy ;  the  legitimate  use  of  analogy  is  to  connect  &cts  tf)getber,  sod  to 
guide  to  new  experiments." — On  ^  CcnOUution  qfAdds,  Journal  of 
Science  and  the  Arts  (1816),  Vol.  1.  art.  xviii. 

These  passages  show  that  Davy  disputed  the  doctrine  that  sdUs  am* 
sist  qfacuis  and  toss,  but  they  cannot  be  said  to  show,  that  he  fonnally 
and  explicitly  recommended  any  other  doctrine.  He  confines  himself 
to  statements  of  the  ultimate  composition  of  salts.  He  does  not  say,  as 
Dumas  and  his  later  commentators  make  him  say,  that  the  oxygen  of  a  salt 
is  aU combined  with  the  acid  radical ^  that  nitre  is  K+KO",  and  that  chlorate 
of  potash  i<?  K-fClO*.  What  he  says  is,  that  chlorate  of  potash  is 
Cr-f  K'+O ,  that  nitre  is  N'+K'+O",  that  liquid  nitric  acid  is  H*-h 
X'-j-O*.  He  thus  makes  two  proportions  of  hvrlropfcn  equivalent  to 
one  pm|»ortion  of  potassium.  He  savs  al>o  tliat  thi-  chlonitc-s  are  frij^k 
com]>t»unds,  not  t\v\t  thev  are  hiuan/  com])onnds  of  K-f-^^'l^^'^  It  is, 
ho\\  <'\  <  r,  to  this  j>iij)rr  of  Davy's,  on  the  Constitution  of  the  Acids,  that 
Gmclin'  n  ti  rs,  containin<r  his  sng2;estion  of  the  binary  theor}'  of 
salts,  and  1  have  faile«i  t*»  lind  any  more  explicit  statement  elsewhere  in 

'  Handbook  of  Ciieniistry,  ii.  1 5. 
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Davy's  work=;.  It  ronsfV|nently  a|)|H  ars  to  mo  that  Davy  liacl  no  specific 
theorv'  in  his  mind,  aiid  that  liis  main  intention  was  to  dispute  tho 
accuracy  of  M.  Gay  Liissac*s  jiioDosition,  tlmt  (  hlorino  roiild  V>p  acidified 
by  oxygen;  l>ut  at  anv  nite  hi>  views,  as  expressed  in  these  ipiotations, 
dilTer  fss*  ntially  i\\nii  those  subsequently  iinhHshed  by  Dr.  Clark  and 
roya-eii,  and  wiiich  have  bee^n  appropriated  and  claimed  by  Mr.  Gerhaidt. 
Davy  certainly  did  not  double  ttie  atomic  might  of  oxygen  so  as  to  reduce 
the  total  number  of  atoms  of  osygen  contained  in  the  chlomtGS  and 
nitrates  fiom  six  to  three,  nor  did  he  show  that  the  acids  corresponding 
to  these  salts  contained  a  single  atfm  of  hydrogen  as  base  and  no  water, 
nor  that  the  hydrate  of  potash  contained  a  single  atom  of  hydrogen  and 
no  wttter.  The  pecnliar  theory  of  hydration  fin^  published  by  Dr.  Clark, 
afterwards  deyeloj^ed  by  mysdf,  and  now  daimed  by  Mr.  Gerhardt,  is 
consequently  a  different  theory  from  that  suggested  l^y  Davy  and  dis- 
cussed by  Dmnas.    I  have  not  seen  the  paper  publish(?d  by  Dulong. 

After  discussing  Davy's  theory  of  the  salts,  M.  Dumiis  pn>ceeded  to 
discuss  anottier  theory,  which,  he  says,  is  due  to  M,  Longchanip.  I  do 
not  know  where  the  original  Ls  to  be  found,  and  cannot  tell  \\  liether  or 
not  M.  Longchamp's  tlieory  is  ex|)lained  fairly.  But  here  is  M.  Dumas' 
account  <  f  it,  written  in  te  rms  whicli  I  presume  were  intended  to  encou* 
lage  ^f.  Lonjj;eh;nnp  in  tlie  ])ursuit  of  science. 

*'  have  si-i^n,"  he  s;iys,*  "that  Davy,  in  adjusting  the  comjK)sition 
of  the  siilts,  t(X)k  tlie  oxygen  of  the  base  to  add  it  to  tJiat  f>f  the  acid.* 
Bf.  Longchanip  has  inverted  that  ])roe( 'ss.  H*'  wishes  ils  to  carrv  from 
the  acid  to  the  base  as  much  oxygen  as  that  which  it  alrradv  contains. 
Ac«>rding  to  him,  sulphuric  acid  and  protoxide  of  lead,  combine  to  i)ro- 
duoe  a  compound  of  sulphurous  add  and  brown  oxide  of  lead,  the 
formula  of  which  ought  to  be  written  thus — SO*,PbO^«  The  sulphuric 
add  of  commeroe  becomes  a  oombinatian  of  sulphurous  add  and  oxy- 
genated water:  SO^iHK)**  This  is  therefore  the  hypothesis  of  Davy 
tamed  topsy-turvy. 

*^  According  to  this  plan,  if  yon  take  sulphate  of  sesquioxide  of  man* 
ganese,  which  is  represented  by  3SrP,Mn'(>'',  you  are  to  see  in  it  what 
is  indicated  by  the  formula  3S0',MnH>'.  After  this  transformation,  you 
perceive  that  you  have  a  very  strong  acid,  the  manganic  acid,  I'laying 
the  part  o(  base  vis^vis  to  a  very  weak  acid,  the  sulphurous  acid ;  and, 
above  all,  that  these  are  two  acids  which  cannot  exist  together,  since 
sulphurous  add  reduces  manganic  acid  to  the  state  of  protoxide  of  man- 
ganese. 

"  Again, — sn|>pose  vou  have  sulphate  of  alumina.  Tiiat  salt  is  no 
lon^.  r  ^SO^Al'O'.  it 'is  become  3S0«,Al«O'.    Here  \)ehold  AW,  a 


*  L((;uns  sur  la  PliilosDpjnc  Chiniique,  8vo.  Paris,  1837,  p.  344. 

*  It  would  be  just  as  acairate  to  Hixy  that  he  took  tlie  oxvgen  of  tlie 
acid  to  add  it  to  that  of  the  base. — J.  J.  G. 
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com|wuiid  that  nobody  knows,  and  tlie  existence  of  which  has  never 
been  suspected.  There  would  be  a  multitude  of  similar  changes ;  for  it 
would  be  necessary  that  every  salifiable  oxide  had  a  corresponding  ozidfe 
contatning  double  the  quantity  of  oxygen,  wliile  for  eacb  ackl  ansoeptible 
of  conoibuiatioii  with  baaes,  it  would  be  neoeasaiy  to  find  anotho"  com- 
pound possessing  an  atom  of  oxygen  less.  We  should  be  forced  to  admit 
the  existence  of  FeO»,  FeO",  GIW,  MgO»,  K0»,  &a,  &c»,  and  of  Ph«0*, 

It  is  useless  to  insist  further  on  the  ImprobabilitieB  of  this  theor}%  so 
much  less  happy  than  that  of  Davy*  and  which  presents  nothing  philo- 
sophical." 

I  shall  not  dwell  on  the  sarcastic  style,  bat  consider  the  substance  of 

this  criticism. 

According  to  Diimas,  it  is  monstrously  absurd  to  suppose  that  sul- 
phate of  lead  contains  sidphunMis  acid  and  l>ro\vn  oxide  of  lead.  It  is 
monstrously  absurd  to  su})|xj6c'  tliat  oil  of  vitriol  contains  sulphurous  acid 
and  oxygenated  water.  Accfirtling  to  Dumas,  you  ought  to  cnicilv  i\t 
the  Sorl)onne  the  man  who  i>ro|)c»SL'.s  tilings  so  improbable  and  so  unphi- 
losophical.    But  let  ils  a])jK-ul  iiom  rhetoric  to  facts: — ■ 

**  The  peroxide  oi  kad  gives  rise  to  some  pecuiiai  and  n  uuiikalile 
reactions; — sulphurous  acid  converts  it  instantly  into  sulphate  of  lead. 
There  is  even  ignition  at  the  moment  of  combination."  Dumas,  Traite 
de  Chiim  (Liege,  1848),  torn.  III.,  p.  401. 

*^  Scarcely  Is  sulphurous  acid  brought  into  contact  with  perodde  of 
hych-ogen,  even  diluted  with  much  water,  when  its  odour  disappears, 
and  it  passes  into  the  state  of  sulphuric  add*" — Tbenabd,  lixdU  de 
ChimiBf  (Paris,  1827),  torn.  II,  p.  87. 

The  exact  opposition  of  the  Acts  to  the  rhetoric  renders  conmi^t  un- 
necessary. 

Dumas's  other  examples  are  equally  extravaL-n?  t.  The  formula  of  the 
sulphate  of  sesquioxide  of  manganese,  jBCjMn'HJ^  is,  as  ho  admits,  a 

thing  of  **  convenience,"  not  the  representation  of  a  fact,  Asa  mere 
hypothesis,  it  is  liable  to  be  dealt  with  unceremoniously.  I  shall 
sho^v  in  the  course  of  this  inquiry,  tliat  the  quaiititA*  of  mariTnno^o  mn- 
tiiiicd  in  this  s;ilt,  in  combination  with  3  atouis  of  sulpliur,  is  not  2 
atoms,  i)ut  3  atoms  <'f  manganese;  tiiat  the  quantity  of  oxygen  is  not 
12  atoms  but  6  aionis ;  that  the  ultimate  elements  are  therefore, 
S'Mn'^O*,  which  fomiulu  divided  hy  ^^ivcs  S^InO*,  or  accordini;  to  the 
despiswl  tlieory  of  M.  Longchanip,  MnO-f-^^i  which  toe  have  not^  as 
M.  Dumas  afUmie<.l,  "  a  very  strong  acid,  the  manganic  acid,  playing 
the  part  of  base  vis-a-vis  to  a  very  weak  acid,  the  sulphiuous  acid." 
We  have  no  mangle  acid  at  alL  We  have  an  oxidised  basic  radical, 
MnO,  combined  with  an  oxidised  acid  radical,  SO,  and  we  can  actually 
produce  MnO+SO,  the  sulphate  of  manganese,  by  heating  MnO  with 
nydrated  SO.   M.  DumasV  ridicule  is  therefore  entirely  misplaced. 
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The  same  remarks  apply  to  tlie  tecsolphate  of  alomina,  ihe  proper 
Ibrmtils  for  which,  as  I  shaJl  show  elsewhere,  is  AlcSO*,  or  AlcO,SO. 

The  question  of  the  coostttatioii  of  the  salts  might  be  oonyenieiitlv 
dieciissed  in  reference  to  any  one  of  them.  We  might  select  oO  of  iritrioly 
and  hx)itiie,  shall  wc  write  this  compound  HO+SO^,  according  to 
Lavoisier,  or  H-|-SO,  acootding  to  the  binary  theory?  or,  shall  we 
double  the  atomic  weight  of  oxygen,  and  vrnte  it  H+SO*,  according  to 
the  binary  theory,  or  HO+SO,  according  to  the  theory  ascribed  to 
Longchamp?  It  appears  to  me,  and  I  liojK?  to  bring  the  readers  of  this 
essay  to  my  opinion,  that  tlio  doubling  of  the  atomic  weight  of  ox^-gon 
is  absolutely  essential,  and  that  consoquontlv  one  of  the  kst  two  forinulae 
must  be  adopted  as  the  truest  ifprosentatiDn  of  tlie  composition  of  oil 
of  vitriol;  but  it  do<_s  not  sccni  to  bo  ]>ossil)le,  either  by  cx]>eriment  or 
by  argmnont,  tn  detcnnine,  whether  the  two  atoms  of  oxygen  arc  com- 
biii'xl,  iH/tli  with  the  acid  radical,  or  one  with  each  of  the  radicals.  I 
think  it  pnJxihJe  that  the  latt<'r  is  the  ca^o,  but  there  is  no  evidence  to 
prove  it;  and  wu  are  con«<'(|iU'ntlv  at  libirtv  to  uw  Hthpr  the  formula 
H,SO*,  or  the  formula  110,80,  according  iis  one  or  tlie  other  may  be^it 
answer  a  given  purpose. 

The  chemists  who  have  diseossed  the  omstitatioa  of  salts,  since 
M.  Damas  published  his  lectores,  have,  with  the  exception  of  M« 
Crerhaidt,  confined  themselves  to  the  single  case  discussed  by  Dumas, 

H-f-SO*.  They  have  not  considered  the  important 
efltos  that  r^ult  from  the  adoption  of  Dr.  Churk^s  proposal  to  doable  the 
atomic  weights  of  oxygen  and  carbon.  It  seems,  therefore,  to  be  un- 
necessary to  quote  eitlier  their  arguments  or  conclusions,  which  do  not, 
in  the  main,  difi^  from  those  of  Dumas,  The  theory  of  Lavoisier  is 
*'  permitted'*  to  remain  in  fashion  because  the  existing  race  of  chemists, 
though  aware  of  its  fallacies,  and  suffering  from  its  defects,  want  the 
courage  to  ovorthrow  it,  or  the  abili^  to  organise  a  ixitter. 

Tlie  liadical  Theory. 

The  principles  of  the  Radical  Theory  may  be  stated  in  a  few 
words:— 

Every  salt  is  composed  of  two  radicak,  simple  or  compound,  oxidised 
ornot  oxidised. 

Every  element  can  act  as  a  radical,  except  oxygen,  (h^gen  never 
acts  as  a  simple  radical,  nor  forms  part  of  a  compound  radical.  Some  of 
the  metallic  elements  form  two  radicals,  which  differ  in  weight  and  pio- 
perties. 

Coanpound  radicals  consist  of  (i)  carbon  and  hydrogen,  or  (2)  carbon 
axni  nitrogen,  or  (3)  combinations  of  other  elements,  witli  the  fore^ 
going.   For  the  most  part,  and  when  not  otherwise  expressed,  the  argu- 
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meats  in  the  following  pages  refer  to  radicals  that  oonfcain  carbon  and.hy- 
drogen  011I7. 

The  quantity  of  an  element  which  constitntea  a  radical  is  an  atom,  or 
as  much  as  fbnns  a  single  volume  of  gas. 

The  quantity  of  a  compound  which  constitutes  a  radical  is  as  much  as 
forms  a  single  volume  of  gas.  When  the  compound  is  not  gaseous,  the 
radical  quantity  is  as  much  as  is  equivalent  to  a  single  volume  of 
hydrogen  or  of  chlorine. 

Eveiy  gaseous  salt  mcasuress  two  volumes,  wliirh  is  the  measure 
of  its  two  laclic^  When  salts  oontsdn  oxygen,  that  element  adds  to 
their  weight,  but  not  to  the  measure  of  their  gas. 

Though  a  compound  radical  that  measures  one  volume  in  the  state  of 
gas,  still  measures  one  volume  when  combined  with  one  or  more  atoms 
of  oxygen,  the  oxygen  is  not  to  be  considered  as  a  constituent  part  of 
the  radical,  but  only  as  an  addition  to  it. 

Muriatic  acid,  HCl,  may  \k'  taken  as  the  model  of  a  salt.    Any  IxLsic 
radical,  simple  or  comjiound,  mav  roytlacc  H,  and  pnKlucc  a  chloride  = 
MCI,  such  as  chloride  of  potassium  =  KCl,  or  clilorid<^uf  methyl  =  CH^Ci, 
Any  acid  radical,  simple  or  a^mpound,  may  replace  CI,  and  produce 
anothpr  hvdride,  such  as  HBr,  H8,  or  lf,C*H*. 

Wlieu  either  or  botli  radicals  are  o.vidised,  the  cf  tmpound  is  an  oxyc^en 
salt.  It  is  in  all  cases  impossililo  to  determine  wliothcr  the  ox\  L;V'n  of 
a  salt  is  cuiiibiiied  exclusively  wirli  either  of  the  two  radicals,  or  divided, 
equally  or  unequally,  between  them.  In  Imming  etpiations  fur  the 
purpose  of  explaining  theoretical  opinions  resj^ecting  the  constitution 
or  transformations  of  compounds,  we  may  place  the  oxygen  in  that 
manner  whidi  best  answers  our  special  int^tion ;  but  in  construction 
of  ftumulfi  for  pui  poses  of  classtfication  or  nomenclature,  the  oxygen 
should,  in  all  cases,  be  put  together  at  the  end  of  the  ibrmulse. 

Since  all  gaseous  salts  that  contain  two  radicals  form  two  volumes  of 
gas,  whether  the  radicals  are  simple  or  compound,  oxidised  or  not 
ooddised,  it  is  assumed,  that  eveiy  compound  radical,  if  isolated  and 
brought  into  the  gaseous  state,  would  measure  one  volume.  In  justifica* 
tion  of  this  assumption,  it  may  be  added,  that  every  compound  radical 
that  has  yet  been  isolated  measm*os  one  volume,  and  is  the  equivalent  oC 
one  volume  of  hydrogen  or  of  chlorine. 

Salts  combine  with  one  another,  so  as  to  form  double,  triple,  quad- 
ruple, and  other  forms  of  compound  salts. 

Classification  of  Oxygen  Salts. 

Refi  rrinc^  to  the  classification  of  ox\  rrpn  salts,  which  I  published  in 
1834  (s»'f'  ])age  115),  I  have  to  remark,  that  that  system  re(|viires 
scarcely  any  amendment,  to  adapt  it  to  the  iiadical  Theory  of  1856. 
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A.  Simple  Salts. 

Class  I.  is  an  importaDt  class  of  salts,  comprehending  water 

H,HO;  the  protoxides,  E,KO;  their  hydrates,  K,HO;  many  organic 
ooropooDds,  such  as  alcohol,  H,(?HH>,  and  ether,  CiP,  CUH);  the 
silicates,  H,SiO ;  the  borates,  M,BO ;  and  sacfa  compounds  as  chloro- 
snlphaiic  add,  CISC,  and  the  ozychlcdde  of  cfaromimn,  CrClO. 

Class  IL  M+RO*,  the  rational  fonnula  for  which  may  possibly  be 
MO+RO,  comprehends  the  snlphates,  oxalates,  nitrites,  chlorites,  and 
most  of  the  sails  of  oi^gpnic  adds,  such  as  the  acetates,  fonniates,  b^- 

aoafeeS,  vali-rianat^^s,  &c 

Class  IIL  M+RO*.  Rational  formula,  probably  MO-hROO.  The 
nitrateB,  chloiates,  iodates,  bromates,  met'i[>hosphates,  and  several  salts 
of  compoood  organic  radicals.  I  am  also  disposed  to  put  into  this  class 
many  oif  the  anhydrides,  such  niilivdrons  sulphuric  acid  =S4- SO*,  or 
SO-}-S00;  anhydrous aceticarid  =  C*H^-|-(;'HW,orC«H«0+C^H^UO; 
anhydrous  l)enz(icinnamic  acid  =C^H*+eH^O»,  or  C'H^O+CH'OO. 

Class  IV«  M+RO".  Perchlorates. 

B.  Vo\:nj£  Salts. 

Ct  A?>  V.  MM+RO\    Probable  composition,  MO,RO+MO.  The 
Salts  of  this  class  are  bibasic,  because  the  acid  radical  is  indivisible. 
Examples : — 

KK;  CC  ,   •  Kentnd  carbonate  of  potash. 
KH;  CO'  .   .   Bicarbonate  of  potash. 
CaMg;  CO"   «  Bitterspar. 

The  componnd  of  sulphuric  add  with  peroxide  of  hydrogen,  belongs 
to  this  dass,  HO,SO+HO  »  HH ;  SO*. 

Class  VI.  M+RH]^.  Probable  composition,  MO,RO+RO.  As  the 
salts  of  Class  V  are  basic  salts  of  Class  II,  so  the  salts  of  this  dass 
are  add  salts  of  Class  IL— >the  rekttioos  of  the  three  kinds  bdng  as 
fallows; — 

Class  y  MO,MO,RO. 

„   II   MO,RO. 

„  VL  .   .   .   .  MO,RO,RO. 

The  hvposulphatos  beluug  to  this  class. 

CLASji'\'ll.  ^P-f-R'O*.     Trouble  composition,  MO,RO-f-M,RO ; 
namely,  a  compound  of  a  salt  of  Class  I.  with  a  salt  of  Class  XL  The 
sulphites  belong  to  this  class,  the  salts  of  which,  Uke  those  of  Class  Y 
are  neoeenrOy  bibasic : — 

KK ;  S*0*   .    .    Neutnil  sul|)hite  of  potash. 

KH ;  S*Cf   .    .    Bisulphite  of  [Kitash. 

KNa ;  S'O*  .    .    Sulphite  of  i>otash  and  soda. 
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It  liiLs  been  ciToneoiisly  assumed  that  the  caibuuates  and  sulphit«»9  are 
of  similar  constitution :  they  are  both  bibasic,  and  botli  contain  3  atoms 
of  oxygen ;  but  with  those  relations  the  similarity  ends.  The  carbonatea 
oontaia  one  add  ndioal,  and  the  sulphites  oontaiD  two  add  radicals ;  so 
that  their  constitutioii  is  essentiallj  difierent. 

Class  Vm.  M»+RO*.  Ptobable  composition,  M0,R00+M,MO. 
Example:  the  terbasic  phosphates. 

The  fall  discussioa  of  the  oomposition  of  these,  and  other  classes  of 
ssltSy  will  take  place  in  sabseqaent  sections. 

In  order  to  devdk)p  the  Radical  Theory  in  the  shortest  and 
dearest  manner,  I  have  arranged  the  fiicts  upon  which  I  propose  to  found 
mj  aiguments  in  the  form  of  Tables,  to  which  I  shall  add  a  running 
Commentaiy. 

I  shall  first  bring  under  your  notice,  a  Table  of  the  Atomic  Weights, 
or  Chemical  Equivalents,  of  the  Elements.  Socondly,  a  Table  containing 
Examples  of  Compound  Organic  Radicals  and  Salts  which  contain  them. 
Thirdly,  a  Table  of  Gases  and  Vapours.  After  explaining  these  Tables, 
I  shall  apply  the  facts  they  contain  to  the  explanation  and  illustration  of 
some  probloms  of  general  chomical  interest.  Tht-so  appliaitions  must 
necossarilv  be  restricted  in  number,  IxM^ause  I  do  not  propose  to  write  a 
system  of  chemistry,  but  only  an  account  of  certain  pliilosophiail  ])rin- 
cipl's,  and  I  shall  limit  the  examples  to  such  as  alibrd  the  illustrations 
requisite  for  the  establishment  of  those  principles. 


Atomic  Weights  of  the  Elements, 


Elkmknts. 

(irirtiu. 

Miller. 

Abridgai  Names.* 

Almninum  .   .  . 

Al 

13.65 

»3-7 

Al-  ous. 

.       •        .       a       »  . 

Ale 

Al-  ic. 

Antimony  ,   .  . 

Sb 

139. 

129. 

Stib-  ous. 

.•*•«. 

Sbc 

43' 

Stib-  ic. 

Arsenic  .   .   •  . 

As 

75- 

75% 

Ars^  ous. 

Asc 

25. 

Ars-  ic 

: : :  : 

Ba 

68.5 

68.5 

Baryt. 

Bismuth .... 

Bi 

213. 

213. 

Bism-  ous. 

""""    •   •   «   •  • 

Bic 

Bism-  ic 

Boron  .... 

B 

10.9 

Bor. 

Bromine «... 

Br 

80. 

80. 

Brom, 

Cadmiom    •    •  . 

Cd 

55-7 

55-7 

Ciidm. 

Calcium  •    .    •  . 

Ca 

20. 

20. 

aiic. 

Carbon  .... 

C 

12. 

6. 

1  Carb. 

*  The  nso  of  thcie  abridged  names  will  be  explained  in  the  section  on 

Nomenclature.        ^    7  • 

1  » 
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JUillcr, 

Abnogea  riamcs. 

v^vnuiD    •    •    •  • 

•    •    •    •  • 

Cec 

Cor—  ic 

CI 

5  J- J 

Chlor 

C  !HnruminTn 

Cr 

27. 

Vyiinjlll""  Oils. 

•     •     •     •  • 

I  0. 

Chrom—  ic. 

V^<>UyLlb      •      •      •  • 

29.5 

29.5 

V^OD—  ous. 

•       •      •       ■  • 

Con 

r  0  *v 
19.7 

yAJu—  IC 

VAJi>|X;r     ■     •     •  • 

Cn 

v/upr—  ous. 

•     •     •     •  . 

3'-75 

D 

1 )  u  1  \'  n  1 

lltlUlUJIl         •            •             •  4 

E 

iZiru. 

X  lUUrUM;  •      •      «  • 

F 

19. 

r  luor. 

■vln^Snti  tn 

H  M  J 1  mm    •     •  • 

VI 

VTIUC* 

uom  •    •    •    •  • 

An 

190.5 

I  90.0 
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£LIuX£NTS. 


Phosphorus 
Platinum 

•  • 

Potessinm 
Hhoditim 

■  •  • 

Rathenium 
»  • 

Selemum 
Silicon  . 
Silver 

Sodium  . 

Strontium 
Sulphur  . 
Tantvilum 
Ti'llurium 

•  • 

T«'rl»ium  . 
Thohnum 

Tin 

■  •  • 

Titanium 
Tungsten 
Uranium. 
'  '    •  • 
Vanadiuni 

•  • 
Yttrium  . 
Zinc  .  . 
Zirconium 


P 

Pt 

Ptc 

K 

Rh 

Rhc 

Ru 

Rue 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

TtHI 

Tb 

Til 

Sn 

Snc 

Ti 

W 

U 

Uc 

V 

Vc 

Y 

Zn 

Zr 


(jiilhn. 


31- 

99- 

49-5 
39- 

52- 

34.66 

52- 
34.66 

40. 

7-5 
loS. 

44. 
16. 

64. 
3^- 

59-5 

59. 

29.5 
12. 

60. 
40. 
684 
a2.8 

23.4 


Miller. 


3'- 
98.6 

39- 

52,2 

39.6 

14.24 
108. 

43.8 
16. 

64. 


59-5 
^8.3 

24.2 

66. 

68.5 


3M 
33.6 


Abridged  Xauici. 


Phospli. 
Plat-  ous. 
Plat-  ic,  , 
Potass.     .  -j^ 
Rhod-  ous. 
Rhod--  ic 
Ruth—  ous. 
Ruth-  ic. 

Sel.  . 
Sil. 

Argent,     ^  * 

Natr. 

Stront. 

Sulph, 

Tant. 

Tellur-  ous.  t, 
Tellur-  ic 
Terb. 
Thor. 

St—  ulLS,    .  -  A 

St-  ic 
Tit. 

Tungst. 
Ur-  ous. 
Ur-  ic. 
V-  oas. 
V-  ic 
Yttr. 
Zinc. 
Zirc 


Atomic  Weights  of  the  Elements. 

Bv  the  term  atomic  weighty  I  mean  a  cliemical  combining  proportion. 
By  the  term  equivalent  I  mean  the  same  thing.  I  set  aside  all  jihysical 
and  raGtnphvsical  speculations  respecting  tlv  it;ifure  of  matter  auJ  atoms. 
I  uK  on  (U(nn  only  a  chemical  combining  tiuautity.  I  acknowledge  no 
equivalent  that  dilli  rs  from  an  atom. 

To  put  this  princi[)!r'  into  practice,  that  is  to  say,  to  act  ujkiu  the 
principle  tliat  atoms  aud  e(juivulents  are  alike,  I  assume  that  the  atomic 
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weights  uf  oxygeii,  h)  drogen,  nitrogen,  and  chlorine,  are  reprcsoiited  by 
tbe  specific  gravities  of  their  gases.  In  other  words,  that  one  volume  of 
edi  of  these  elements  in  the  state  of  gas,  is  one  atom  or  one  eqtd- 

This  method  of  deterauQing  what  constitutes  an  atom  depends  upon 
(k^Lussac's  discovery,  that  giises  combine  in  equal  volumes.  Assuming 
that  volumes  represent  atoms,  the  difierent  densities  of  the  elementary 
guses  give  the  relative  weights  of  the  atoms.  All  theories  and  all  equi- 
valentB  incompatible  with  this  assumption  axe  sacrificed.  There  can  be 
BO  oompromise  between  this  and  other  theories.  The  half-measures 
idopt^l  years  ago  by  BeizeliuB — such  as  the  crossed  atoms  of  the 
neteUoids,  the  construction  of  sesquioxides,  and  other  similar  expedients 
-*hiTe  proved  useless.  I  propose  then  to  abandon  half  measures,  and 
to  bring  equivalents  and  atoms  into  strict  harmony ;  to  set  aside,  for  the 
momcDt,  a  varie^  of  common  chemical  hypotheses  respecting  crossed 
atoms,  sesquioxides,  anhydrous  acids,  anhydrous  bases;  peroxidation 
ami  protoxidation ; — and,  dispensing  with  these  hypotheses,  and  looking 
at  thp  facts  of  chemistry  from  ariotlu  r  point  of  view,  I  projKise  to 
examine  whether  it  i?  not  possible  to  free  our  theories  fiom  some  of  their 
pri^nt  cuniplic:;\ti<>iis. 

If  a  sine;]o  voiuiiic  of  oxvgen  and  of  hydrogen  rt'prcsi-nts  an  atom  of 
efich.  it  follows  that  an  atom  uf  water  contain>  two  atoms  of  hviliwen 
iii'i  ruit.' atrjiii  of  oxvLTcii.  Is  water  ivallv  so  r^n.-^titut^-d  ?  That  is  the 
luudinifiital  })robleui  iu  tlieoretical  chemistry,  and  until  that  problem  is 
solve-' 1,  11(1  otluT  important  theoretical  pn>blVm,  no  diflieulty  respecting 
radicuJ:>,  or  ^idts,  or  acids,  or  Itases,  or  livdrati's,  or  ethers,  or  alcohols, 
urn  be  considei'ed  as  being  lln;illy  clisjx>sed  uf.  For  this  reason  nmch  of 
what  I  have  to  say  in  tliis  e^say,  will  bear,  lUrectly  or  indirectly,  upon 
that  single  point 

We  &ve  at  present  fi>ur  theories  of  the  constitution  of  water.  First, 
tbe  common  English  theory,  that  it  contains  one  atom  of  h)  drogen  and 
one  atom  of  oxygen.  Secondly,  Berzelius's  theory,  that  it  contains 
two  atoms  of  hydrogien  combined  directly  and  together^  with  one 
atom  of  oxygen.  Thirdly,  Gerhardt's  theory,  that  it  contains  two 
tfeoms  of  hydrogen  combined  t^para^^  hut  eqvaUy^  with  one  atom 
<if  oxygen.  And,  fourthly.  Claries  &eory,  that  water  contains  one 
(I'om  of  Hti»iogen,  eondnned  wUh  one  atom  of  Oxide  of  Hvbbogen. 
The  evidence  in  support  of  this  view,  will  be  brought  forward  in  a  suc- 
ceeding chapter,  but  in  the  meantime  I  assume — theoretically  and  subject 
to  future  discussion — that  xcater  is  a  compound  of  two  radicah,  one  of 
thm  oxidised  J  and  the  other  not  oxidiMd^  its  formula  heiny  H,HO.  If 
the  fects  that  I  have  to  brmg  fonvard  in  favour  of  this  theory  be  con- 
sidered valid,  one  effect  will  be  to  remove  the  difficulty  in  the  way  of 
assimilating  equivalents  to  atoms,  a  difficulty  which  is  inseparable  from 
the  tht^*,  that  tiie  gaseous  atom  of  hydrogen  has  twice  the  volume  of 
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the  gaseous  atom  of  oxygen.  The  atomic  weights  in  my  table  are  based 
npon  the  principle  that  one  volume  of  each  of  these  elements  is  eqnal  to 
one  atom.  Every  number  in  the  table  represents  as  much  of  a  given 
clement  as,  in  my  opinion,  is  chemically  equivalent  to  one  volume  of 
hydrogt  n,  and  evory  symbol  is  consocinently  equal  to  one  H. 

The  Table  contains,  as  a  standard  of  comparison,  the  atomic  weights 
of  Professor  Miller  (the  latest  published  in  England),  where  hydrogen 
is  I.  The  atomic  weights,  or  equivalents,  which  I  propose  to  adopt, 
are  placed  in  juxta-position  with  these.  On  comiwing  the  two  scales, 
we  find,  that  the  woiglits  of  the  metalloids,  and  of  the  alkaline  metals, 
remain  unalteretl,  Imt  that  oxy^n  is  made  i6  instead  of  8,  and  carlwn 
12  instead  of  6.  Tht  se  alterafi-ms  are  made  in  the  usual  atomic 
weights  of  carl  ton  and  oxygen,  in  oj\l»'r  that  the  constitution  of  the  j)n  >- 
toxidcs,  and  the  liydratcs  of  the  ]irotoxides,  may  be  assimilated  to  that 
<^  water,  according  to  the  genei-al  I'oiniula,  M,MO. 

I  come  now  to  describe  a  great  divarication  from  prevalent  systems, 
I  pru|>use  to  adopt,  for  some  of  the  ucidifiable  metals,  and  fur  the 
elements  that  produce  the  compounds  commonly  termed  scsquioxides,^ 
two  atomic  we^hts — ^tvro  equivalents — two  quemtUm^  E&GH  CREHlCAlJiT 
Equivalest  to  ons  akm  of  hydi^m.  This  proposal  is,  of  course, 
firanded  upon  Mr.  Gerhardt's  suggestion  of  double  equivalents,  a  sug- 
gestion of  great  importance,  and  deserving  of  more  attention  than 
chemists  have  yet  bestowed  upon  it.  Twenty  years  ago,  when  I  reduced 
the  fomuilffi  of  alumina,  silica,  and  boracic  acid,  from  ATO*,  SiO*,  and 
BO*,  to  A1*0,  Si*0,  and  B*0,  in  order  that  they  might  iigree  with  other 
protoxiflcs,  I  halted  at  the  retl  ojdde  of  iron,  because  a  similar  reduction 
of  FeW  to  Fe'O,  gave  a  formula  tlxat  was  incompatible  witli  that  of  the 
ferrous  oxide,  and  inconsistent  with  that  part  of  the  atomic  theory  which 
is  called  the  law  of  compil  ation  m  multipJe  propnrtions,  Mr.  Gerhardt, 
coming  to  the  same  difficidty,  cut  the  gordian  knot,  which,  like  me,  he 
W;^s  niial)lp  to  untie,  and,  lH)ldIv  disreg-arding  the  law  of  nniltijile  pro- 
portions, advocated  tlie  ad()i)tion  of  doubK*  etjuivalents.  After  a  carefiil 
consideration  of  the  bearings  of  this  projx  jsiil,  I  have  come  to  the  con- 
clusion that  Mr.  Gerhardt  is  in  the  right,  except  in  the  following  ])ar- 
ticiilar:  while  lie  ndopts  tioo  equixxdents  for  one  nif  tal,  he  still  n  tains 
om  atomic  urigld^  and  he  seems  sini])ly  to  intimate  that  the  two  equiva- 
lents are  dillercnt  proportions  of  the  same  kind  of  metal.  He  says — 
When  we  speak  of  tM  equivalent  of  a  body,  we  should  always  indicate 
to  what  other  body,  to  what  functions,  to  what  })ro])erties,  that  equi- 
valent corresponds.'**  Now,  I  hold  the  opinion,  that  when  the  change 
in  tiie  alUmo  wight  occurs,  a  change  takes  pilaoe  simultaneously  in  l£e 
quulity  of  the  atom;  so  that,  for  example,,  the  mercuric  atom  is  not 
merely  of  half  the  weight  of  the  mercurons  atom,  but  is  endowed  with 

>  Introdoction  to  Unitary  Ghemistiy,  p.  78. 
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difierent  chenucal  properties,  and  capable  of  procludng  oompounds  which 
abo  ditU  r  in  pro|K'rties  from  the  compofunds  of  the  mcrcurous  atom ;  ao^ 
aLso,  that  the  fi-rhc  atom  is  ool  merdy  two-thirds  of  the  quantity  of  iron 
that  is  contained  in  the  fenons  atom,  but  is  a  different  chemictil  agent, 
possessing  properties  that  are  peculiar  to  irself,  and  not  tlic  same  as  the 
jiroperties  of  the  ferrous  atom.  The  cliaracteristics  of  the  ferrous  and 
it-jxic  atoms  do  not,  on  this  view,  depend  \\\Kn\  tlieir  relations  to  otlier 
liodies,  nor  UjK>n  the  eqiii\alents  of  other  Ixnlios,  luit  are  inherent  and 
not  conditional  pru[)erties.  Each  is  a  single  conij)k'te  chemical  atxm^dHii 
neither  of  them  is  an  equivahmt  in  any  oth.  r  sons^.'. 

By  the  adoption  of  double  equivalents,  we  \n'i  rid  of  the  conij)]icared 
fumiula^  and  the  |)erplexities  that  eneunilti-r  all  theories  of  the  constitu- 
tion e>f  the  salu  uf  those  nu  Uils  that  give  two  series — such  as  the  lenous 
and  ferric  salts  of  iron,  and  the  mercurous  and  mercuric  salts  of  mer- 
cury, &c. ;  above  all,  we  get  rid  of  the  hypothetical  sesquioxides.  I 
fiay  hypodidica^  becanae  I  consider  them  to  be  the  creatorea  of  a  fiction. 
I  do  not  believe  in  their  eziatenoe.  I  know  the  ml  osddB  of  tron.  That 
is  a  reality.  But  the  sesquioxide  of  iron  is  a  mere  phnae,  a  technical 
term  which  expresaea  a  particular  hypotheaia.  It  has  only  an  arith- 
metical existence,  and  vadahea  when  yon  adopt  a  different  calcdataon. 

I  propose  then,  in  the  case  of  iron,— and  I  take  that  metal  as  an 
example  of  the  entire  class  of  elements  that  produce  aesquioxides, — to 
have  tico  atcme  weights — txoo  equivalents.  One  of  diese  atoms,  weighing 
on  the  hydrogen  sasle  28,  is  the  radical  of  the  fetrous  salts,  and  I  mark 
it  Fe.  The  other  atom,  weighing  i8*66,  or  two-thirds  of  the  first  atom, 
is  the  radical  of  the  ferric  salts,  and  I  mark  it  Fee.  The  atoms  Fe  and 
Fee  iire  each  equivalent  to  one  another,  and  to  one  atom  of  hydrogf^n, 
each  capable  of  combining  with  on(^  atom  of  chlorine;  and  consequentlv 
th^ir  oxides,  hydrates,  and  chlorides,  should  be  indicated  by  correspond- 
ing formuke : — 


Fe,FeO  Ferr<)us  oxide. 

H,  FeO  Hydrat*^-  of  Ferrous  oxide. 

FeCl  Ferrous  cliloride. 

FeCy  Ferrous  cyanide. 


Ferric  Compownds, 

Fec,FecO  Ferric  oxide. 
lIjFecO  Hydrate  of  Ferric  oxide. 
FecCl  Ferric  chloride. 
FecCy  Feiric  cyanide. 


The  elements  for  which  I  propose  to  adopt  two  equivalents  are  the 
following:  akuninum,  antimony,  aisenic,  bismuth,  cerium,  chromium, 
cobalt,  copper,  gold,  iron,  manganese,  mercury,  molybdenum,  nickel, 
platinmn,  and  the  other  metals  of  that  aeries,  teUnrium,  tin,  unmium, 
and  vanadium. 

I  projx)8e  to  distinguish  the  two  atoms  of  the  same  element  by  callmg 
the  heavier  the  hasyhus  atom,  and  the  lighter  the  basylk  atom,  and  bv 
adding  to  the  symbol  of  the  basylic  atom  the  letter  c.    Thus, — 

D 
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Att  m  Atorousatom. 
Auc  =  Auric  atom. 

2=  MercurouB  atODL 
Hgc  B  Mercuric  atonu 


Hn  B  Ifong^oos  atom. 
Mnc  a  Manganic  atom. 
Cu    =  Caprous  atom. 
Cue  s  Cupricatom, 


This  nomendatore  ifi  borrowed  from  the  system  proposed  some  yearn 
^  by  BerzeliuSy  and  used  by  Mr.  Watts  in  lus  translation  of  GmMs 

Of  course,  this  theory  is,  to  a  certain  extent,  inconsistent  with  the 
atomic  theory,  and  especially  with  the  doctrine  of  combination  in  mul- 
tiple pro])ortions.  That  theory  assumes  that  each  element  has  a  single 
atomic  weight,  and  that  the  single  atom  combines  with  other  elements  in 
multiple  proportions.  Two  atoms  of  iron,  with  three  of  oxygen,  or  with 
three  of  chlorine,  and  so  on. 

My  view  of  the  matter  is  as  follows : — The  cli'iiiciit  iron  can,  luulf-r 
diflerent  circiunstances,  f  )nn  tico  molecules,  (iifil'ring  fi-orn  out*  anolhrr  in 
weight,  and  in  all  those  physical  properties  that  deiK'n^,!  wv^n  the  <iuun- 
tity  of  ponderable  matter,  but  agn^eing  witli  one  another  m  iiaving  the 
same  chemical  jtower,  in  Ixang  «  ach  a  chemical  e<iuivalent,  in  exercising 
the  functions  of  a  complete  single  atom  ;  the  chemical  pro|Krties  of  one 
tquivalent  and  of  its  salts  being,  at  the  same,  time  quite  diilercnt  ironi 
those  of  tlie  other  equivalent 

Nothing  is  easier  than  to  produce  compounds  either  of  the  femras  or 
the  ferric  atom,  to  convert  either  into  the  other,  to  combine  either  with 
oxygen,  or  sulphur,  or  chlorine,  or  to  make  dther  of  them  pass  into 
salts,  both  oiganic  and  inorganic  In  all  these  drcomstances  each  atom 
is  chemically  equivalent  to  the  other.  The  two  chemical  atoms  of  iron 
can  be  treated  like  atoms  of  two  different  metals.  Their  atomic  weight 
is  different,  and  they  produce  compounds  having  different  properties,  and 
but  for  the  ciroimstanoe  that  they  are  both  known  to  be  iron,  and  can 
bo  easily  con  veiled  from  one  condition  into  tlie  other,  they  might  be  taken 
for  two  diflerent  elements.  Their  compounds  differ  from  one  another  as 
much  as  the  salts  of  cobalt  do  from  tliose  of  nickel,  or  the  salts  of  barium 
from  those  of  strontium.  I  shall  examine  a  few  of  these  tj^nsformations 
(^f  iron,  l)ecause,  next  t^)  the  n>nstitntion  of  watt-r,  this  qne>;finn  of 
(louijle  ef|ui%'alents  of  the  metals  Is  the  most  innw^n'tant  theoretical 
j)i)int  that  can  occupy  our  attention.  I  hope,  by  a  cuniplete  elucidation 
(A  this  su^tjeet,  to  dispel  what  I, must  call  the  illusion  that  there  is 
sonn'tliinL^  in  tlie  nature  of  iyKi>yilents  which  renders  them  dillerent 
Iruiu  atoms.  These  two  words  liave,  or  ought  to  be  held  to  have, 
under  all  circumstances,  the  same  meaning. 

If  we  dissolve  iron  in  diluted  hydrochJoric  acid,  hydrogen  is  set  free, 
^d  we  obtain  ftrrtm  chloride : — 


If  we  combine  feirous  chloride  with  half  as  much  chlorine  as  it  already 


HCl-hFe  =  Fea+H. 
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contains,  we  produce  ferric  chloride.    According  to  tlie  atomic  theory, 
tills  transformation  is  expbined  as  follows : — 

aFea-j-a  »  Fera\ 

Two  com|ioiinrls,  ciuh  ((inuimng  one  atom  of  iron  and  one  atom  of 
chlorine,  are  decomposkHi,  another  atom  of  chlurine  is  taken  up,  and  a 
new  compound  is  formed  in  which  two  atoms  of  iron  are  combined 
dlrectiy  with  throe  atoms  of  chlorine — 

(Fe+Fe)  +  (Cl+Cl+Cl). 

Tills  explanation  is  completely  at  variance  with  the  electro-chemical 
tlieoi}*,  and  it  is  fidlacious  in  a  strictly  chemical  point  of  view.  The 
Aliacy  lies  in  this,  that  miy  a  part  Qf  tAtf  cAan^e  ^Aot  tdke^  place  is 
aoooanted  Ibr,  while  the  equation  pretends  to  account  for  the  entire 
change.  Tlie  increase  in  the  quanti^  of  chlorine  which  is  taken  up  by 
the  iron,  is  by  no  means  the  whole  change  that  takes  place  in  this  tians* 
fonnation.  The  iron  goes  into  die  new  compound,  not  merely  in  that 
increased  quantity  which  is  held  to  be  a  multiple  ])roportion,  bat 
clianged  in  its  chemical  nature.  The  perchloride  of  iron  differs  essentially 
in  its  chemical  reactions  fix»m  the  protocliloride  of  iron.  The  perchloride 
of  iron,  therefore,  dfx^s  not  contain  a  multiple  proportion  of  the  tame  inm 
that  is  contained  in  the  protochloride  of  iron,  but  it  conhiins  a  different 
chemical  svhstance ;  and  strict  logic  demands  that  that  difierent  cliomical 
substance  should  be  admitted  to  he  different,  and  that  the  dillrrence 
should  l>e  «l«'nr>f.'(l  hv  a  different  ciiemical  name.  The  doctrint;  of  com- 
bination in  multiple  proj><»rtion>,  takes  no  coi:;iiisance  (jf  the  cliaiit:;<>  that 
occurs  in  the  chemical  ])rt)|K  rtn-s  of  metals,  when  they  enter  into  com- 
bination in  what  iire  called  multiple  proportions.  It  simply  points  out 
the  physi<:  il  cr)n(lition  of  chaniie  in  weijo^ht.  This  ujjpears  to  me  to  be  a 
radioil  defect  in  this  inipjrUuit  law  of  the  atomic  theory. 

Tlie  explanation  of  this  process  of  the  conversion  of  protochloride  of 
iron  into  perchloride,  in  accordance  with  the  pro^xjaed  theory  of  double      ^  . 
equivalents^  is  as  follows : —  .  ^^,0^^^' 

FeCl  =  FecCh     ,        -  1-^    '  1... 
a      FecCU    /   ?        * '  ^ 

The  free  dilorine  converts  two  ferrous  atoms  into  three  ferric  atoms ; 
in  other  wovds,  two  chemical  equivalents  of  one  description  of  iron 
become  three  chemical  equivalents  of  another  description  of  iron ;  and 
itnos  eiwry  (hemical  equivdlent  ofironf  whether  feirous  cr  ferric,  reqidre$ 
cm  equivalent  of  chlorine  to  form  a  dUoridef  the  two  equivalents  of 
ferrous  chloride  require,  after  the  transformation,  a  tliird  equivalent  of 
chlorine,  and  produce  three  equivalents  of  ferric  chloride.   Here  we 
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distinctly  ficrceive  the  change  that  occurs  in  the  number  of  atoms  of  the 
iron,  and  tliat  there  is  a  corresponding  change  in  the  chemical  nature  of 
the  iron,  can  be  made  abundantlj  manifest  by  the  action  of  every  suit- 
able chemicai  reagent  As  to  the  theoiy  of  oombination  in  mtOtiple 
proportions,  there  is  here  no  evidence  in  support  of  it  The  ferric  chlo- 
ride, or  perchbride  of  iron,  is  on  the  theoiy  of  double  equivalents,  not 
a  compound  of  a  multiple  quantity  of  iron  with  a  mnltiple  quantity  of 
chlorine  =  Fe^  with  but,  like  the  ferrous  chloride,  is  a  binaiy  compound 
of  two  radicals 

The  fenous  chloride  being  Fe  CL 
The  ferric  chloride  bemg  FecCL 

This  theory  is  in  com|ileto  accordance  with  the  eleitro-chpmical  tlieorv. 

Lot  us  now  ixaniin*'  what  occurs  in  the  well-known  exj)eninent  ui'  the 
nnhiction  of  jxTchloride  of  iron  to  protcH^hloiide  by  nicuns  of  metallic 
copper,  an  analytical  i>roa.ss  of  frequent  u^  in  the  laboratory  : — 

FecCl )  FeCl. 
Foca  }  +  Cue  «  FeCl. 
FecCl  J  CttcCL 

Under  the  influence  of  the  copper — a  free  basic  radical — tliree  ferric 
atoms  become  transformed  into  tAvo  ferrous  atoms,  and  one  atom  of 
chloriiie  is  given  up  to  the  cupric  atom. 

Thus,  we  perceive  that  when  ferrous  atoms  are  in  presence  of  an 
of  a  firee  acid  radical,  they  are  resolved  into  ferric  atoms,  which 
can  neutralize  one-half  more  of  the  free  acid  radical,  than  can  be  neu- 
tralized by  the  fenous  atoms.  Conversely,  when  ferric  atoms  are  in 
presence  of  an  excess  of  a  free  basic  radical,  they  are  resolved  into  ferrous 
atoms,  giving  up  one-third  of  their  acid  radical  to  the  free  basic  ladicaL 
An  excess  of  an  electzo-positive  substance,  acting  upon  an  electro-native 
sobstanoe— or  vice  versd — tends  to  produce  an  equality  in  the  number 
of  )>o^itivp  and  negative  equivalents.  Thus,  FeCl+FeQ+G  produce 
FecCl-fFecCl-f  FecCl,  and  FecCl + FecCl 4- FecCl + Cue  produces  FeQ 
-t-FeCl-fCucCl.  The  phenomena  are  precisely  of  the  same  cliaracter 
as  many  of  the  transfomiations  of  organic  radicals,  which  take  place 
when  they  are  subjected  to  tlie  action  of  chenjical  argents. 

The  following  diagnans  sliow  what  occurs  in  the  PE&OXIDATION  of 
ferrous  siil])hate  by  nieans  of  hydrated  nitric  acid. 

First,  when  no  free  sulphuric  acid  is  present: — 

Before*  After^ 

FeSO^      FecSO^  Persulphate  of  iron. 
FeSO*  =  FecSO*  Persulphate  of  iron. 
HN(y      FecHO  Hydrate  of  peroodde  of  iron. 
NO*  Peroxide  of  nitrogen. 
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Two  atoms  of  fenrons  sulphate  and  one  atom  of  hydrated  nitric  add, 
pro  luce  two  atoms  of  ferric  sulphate,  one  atom  of  hydiuted  feiric  oxide^ 
and  one  atom  of  peroxide  of  nitrogen. 

Secondly,  wh^  free  sulphuric  acid  is  present 

Jkfure,  After. 

FeSO*  a  Fec80«  I  Persulphate  of  iron. 
HSO»  FicSO'J 
UNO*       H  HO  Water. 

jSO^   Peroxide  of  nitrogen. 

Two  atoms  of  ferrous  sulphate,  one  atom  of  hydrated  sulphuric  acid, 
and  one  atom  of  hydrated  nitric  acid,  produce  three  atoms  of  feme  sul- 
phate, one  atom  of  water,  and  one  atom  of  peroxide  of  nitrogen. 

I  hope  the  reatler  will  do  justice  to  the  explanations  of  these  trans- 

f  >^nation^,  by  oxaminin£T  the  terms  in  which  the  fact^  are  explained  in 
the  >yst»/nis  of  chemistry  bosr^l  on  the  ordinary  theory.  In  most  cases, 
the  ]Xiroxidation  and  protoxidatioii  <jf  iron  siilLs  ur(»  described  about  as 
cleiirly  as  tlio  alchemists  were  wont  to  describe  the  transmutation  of  lead 

into  ;^^ol<l. 

Cvitditioii  of  Imn  in  double  salts  of  Peroxide  of  Iron.  Example :  Th<» 
oxalate  of  potitsh  and  of  peroxide  of  iron.  1  copy  tlie  usual  formula  from 
CfrahaaCs  ChemUby 

3(K0A0.)  +  Vefi^^Cfit  +  OTO. 

Tiiis  formula  indicateii  the  following  ultimate  atoms,  according  to  the 
jtro[>)se<l  new  equivakuts,  in  which  the  atomic  weights  of  carbon  and 
oxygen  are  doubled : — 

^Fec^^O'«  +  3HU 

Diriding  these  numbers  by  3,  we  obtain  K,Fec ;  CH>-f  Aq,  or  KCO'+ 
FecO(/4- Aq.  That  is  to  aa,y^  the  salt  is  a  double  oxalate  of  the  sim- 
plest possible  form,  and  m  which  the  ferric  atom  Fee,  is  perfectly  equi- 
valent to  the  potassmm  atom  K.  There  Is  absolutdy  no  evidence  to 
prove  the  presence  of  sesqoioxide  of  iron  in  this  salt;  though  the  heap- 
ing together  of  six  equivalents  of  oxalic  acid,  six  equivalents  of  water, 
and  tmree  eauivalents  of  potiish,  all  take  place  in  cons  v|u<  nee  of  the 
assumption  mat  sesquioxide  of  iron  forms  an  essential  and  indivisible 
jpart  of  this  compound.  The  salt,  in  fact,  is  made  up  after  Berzelius's 
law,  that  when  electro-negative  oxides  combine  with  electro-positive 
oxidf  >,  the  ox}^gen  of  the  former  (in  neutral  compounds)  is  a  multiple 
by  a  whole  number  of  the  oxygen  in  the  latter.  The  adoption  of  double 
equival^^nts  will  rondor  this  law  obsolete;'. 

The  greater  part  of  the  organic  salts  of  peroxide  of  iron  stand  In 
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exactly  similar  circnmstanccs  to  this  oxalate.  The^•  are  made  to  contain 
3  atoms  of  aciil  witliout  the  slightest  nocessity.  In  Gmelin  s  and  in 
Gerhardt's  Ch<'!Tiistry,  there  are  scores  of  c.om{)]icated  fonnula^  that  iinine- 
diately  are  siniplin«.^d  if  you  adopt  the  ferric  atom,  and  abandon  tiie  lum- 
bering sesquioxide  of  iron,  which,  in  fact,  cannot  be  proved  to  exist  ia 
any  salt  whatever. 

J'inally,  lot  us  n])])l\'  these  views  to  the  investigation  of  some  of  the 
cyanides  that  contain  iron. 

First  of  all,  we  must  coiue  to  oii  understanding  us  to  the  meaning  of 
the  words  cyanide  and  cyanogen.  According  to  Mr.  Gerhardt,*  the  com- 
Ix>sition  of  cyanogen  is  expressed  by  the  formula  C*N*  =  C)'*Cy".  He 
tells  ns,  that  most  chemists  represent  free  cyanogen  by  the  fonmila 
CN^s  2  volumes;  but  that,  in  his  opinion,  cyanogen  is  the  cyanide  of 
cj  anogen,  just  as  hydrocyanic  acid  is  the  cyanide  of  hydrogen : — 

Cyanide  of  hydrogen    Oy*  )       Cyanide  of  cyanogen    Cy'  1 
(4  volumes).        H'  \  (4  volumes),        Cy*  J 

That  line  of  argument  is  beyond  mj  com  prehension.  I  nndeistand 
the  statement  tliat  cyanide  of  hydrogen  contains  cyanogen  as  an  acid 
radical,  combined  with  hydrogen  as  a  basic  radical ;  but  1  must  inquire, 
if  there  is  no  such  thing  as  free  cyanogen,  what  can  possibly  be  the  con- 
stituents, either  df  the  cvanide  of  hydroireu  or  the  cyanide  of  cvanoc'eti  ? 
Mr.  Gerliardt's  th»Hjrv  (»f  free  cyanogt^n,  if  extended  to  the  elements,  as 
some  ch(TOists  seem  drsirous  <  if  extending  it,  lends  to  veiy  sinirnlar  con- 
clusinT)s.  With  vast  i>r()[>rietv,  we  then  decliure  that  iron  is  not  free  in^n, 
but  tlie  fi-rride  of  iron  :  that  hydrorren  is  not  free  hydrogt  n,  liut  the 
hydride  of  liydroi^'en;  that  oxygen  is  not  fnn'  oxvqen,  but  the  oxid»-  of 
oxygen.  PnKeedinr^  in  this  manner,  we  j^^'t  rid  of  all  the  elt-ments, 
replacing  eacli  ly  a  hypotlietieal  com]Kmrid  of  an  imagiriary  -|-  element, 
combined  with  an  imaginary  —  element.  Such  are  some  of  tlie 
fashionable  whimsies  of  men  of  science. 

My  notion  of  free  cyanogen  is,  that  it  consists  of  one  atom  of  carbon 
combined  with  one  atom  of  nitrogen ;  that  it  forms  a  compound  which 
in  the  gaseous  state  measures  one  volume,  weighs  26  on  the  hydrogen 
scale,  and  has  the  power  to  combine  with  one  atom,  or  one  volume, 
of  any  dement  or  of  any  compound.  That  is  a  plain  prosaic  account  of 
c}'anogen.   I  denote  it  by  ON  or  Cy.  Hence, 

HCy  =  Hydrocyanic  acid. 
KCy  =  Cyanide  of  potassium. 

When  1  am  told  that  this  cyanogen,  which  I  can  make,  and  isolate, 
and  test,  and  weigh,  and  measure,  and  cause  to  go  into  compounds  and 
to  come  out  of  them,  and  to  be  again  the  same  isolated  cgwjgen,  with 

*  Traits  de  Chimie,  L  288. 
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the  same  properties,  the  same  weight,  and  the  same  measure ;  when  I 
am  told  that  I  am  to  believe  that  this  cnin})onrid  which  I  know  is  not 
fr»:^  cyanogpn,  but  t!iat  free  cyanogen  is  c)  aniclo  ot  cyaii!^<j;<'Ti,  a  com- 
pouiiil  of  two  other  rvfiTiogens,  which  I  do  not  know,  wliich  I  cannot 
make,  and  wliich  no'otxly  ever  saw,  then  I  begin  to  think  that  I  am 
li>t--iiing  to  a  lecture  on  exoteric  chemistry  delivered  by  a  philosopher  of 
Anci<  nt  Eg}'pt,  whose  intention  it  is  that  I  shall  aa[iiiro  no  knowledge 
of  uioteric  chemistry,  and  w  lio  has  been  constitiitid  ;ui  aathority  under 
the  conservative  opinion  that  the  proper  use  ol'  a  cheniiail  theory  is  to 
enable  a  chemist  to  conceal  his  knowledge. 

Passing  by  this  occult  philosophy,  let  us  proceed  to  examine  the 
oompoonds  of  cyanogen. 

I  quote  the  following  two  fonnulae  fiom  Gmelin's  Chemistry : — 

Protocy.mide  of  iron,  or  ferrous  cvanide  C*N'Fe*  =  Fe  C}'. 
Sesquicyanide  of  iron,  or  ferric  cyanide  C*^>i^Fe*  =  Fe*Cy', 

Acooidiug  to  the  Radical  Theoiy»  these  formute  are  transformed  as 
IbUows:^ 

Ferrous  cyanide  =  Fe  Cy. 
Ferric  cyanide    s  FecCy. 

These  symbols  are  not  only  simple,  but  they  show  what  the  old 
symbols  do  not  show,  that  the  iron  in  the  two  salts  is  not  only  present  in 
a  different  quantity,  but  in  a  different  ooiidiUon.  There  is  no  reatoon 
whatever  why  the  ienic  atom  should  not  be  divided  in  this  manner. 
Ko  &ct  forbids  it  No  experiment  is  opposed  to  it  The  only  argu- 
ment that  can  be  urged  is,  that  it  does  not  agree  with  Dal  ton's  theory 
of  combination  in  multiple  proportions.  That  is  unlucky.  But  I  must 
reply*  that  if  Dalton's  theory  is  foimd  to  be  inconsistent  with  truth,  or 
comes  to  be  a  cause  of  perplexity,  instead  of  a  help,  to  chemists,  they 
wni  have  to  consider  whether  that  theoiy  must  not  be  amended  or  aban- 
doned. 

All  the  single  cyanides  am  be  expr(\sse<l  in  the  s;une  manner  as  the 
above  ;  evtu  Uiese  containing  compound  radicals  and  organic  radicals, 
such  as — 

CH',     Cy  =  CyaniJe  of  methyl. 

NH'Pt,  Cy  =  Ammonio-protocyanide  of  platinum. 

AsCH'jCy  =  Cyanide  of  cjicodyl. 

The  next  three  formnle  are  quoted  horn  Gmelin > 

Feiricyanide  of  potassimn,  or  1  p^^^,  ^  ^  ^^,.^^3  c«N'Fe«. 

red  prussiate  of  potash  .    .  J 
Hydroferricvanic  acid  .    •    .  '  3HCy,  Yi'Cx'  ~  r^X^Tf,  C^N=*Fe'. 
TumbuU's  Prussian  blue  •   .    ^FeCy,Fe*Cy^=:  CKW.CNW. 

By  adopting  separate  symbols  fur  the  leiTuus  and  ferric  atoms,  both 
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of  which  occur  in  Tiirnbuirs  Prussian  blue,  and  then  dividing  every- 
thing in  these  formulas  by  3,  we  are  enabled  to  aimplily  them  thus » 

Ferricyaiiide  of  potiLs^iuni  .  .  .  K  Cy^FecCy. 
Hydroferricyanic  acid  .  .  .  .  II  Cy,FecC> . 
Tumbctll's  Prussian  blue.    .    .    .  FeCy,FecCy. 

Thus  a  series  of  compounds  which  require  very  complex  formulse, 
according  to  evety  theory  hitherto  produced,  demand,  upon  the  radical 
theory,  formute  of  tlie  sitnj>]i>st  possible  character.  All  the  double 
(^anides  that  correspond  with  th«  n  d  prussiate  of  potash  have  this  very 
simple  constitution.  They  are  double  cyanides ,  having  one  basylous 
atom  and  one  basyhc  atom,  and  in  all  cases  of  double  decomposition  the 
basylic  atom  accompames  the  tico  atoms  of  cyanogen.  Among  the  basylic 
atoms  which  pro(luce  salts  of  this  kind  are  Ag,  Au,  Ol,  C()c,  Crc,  Cue, 
Fee,  Hg,  Slue,  Xi,  Pt,  Zn.  Any  of  these  may  havo  livchogen  as  the 
basylous  atom,  producing  acids  corresponding  to  the  hydroferricyanic 
acid. 

Tlicso  double  cyanides  may  be  strictly  compared  with  the  oxalates  in 
their  form  and  their  mode  of  action ; — 

Bed  pmssiate  of  potash   .   .  KCy,FecCy  =  EiFecCy*. 
Qudate  of  potash  ....  K0«  C  O  =  K,C  C^. 

The  following  foimule  of  triple  cyanides  are  quoted  from  Gmelin 

Fenop  aukleofix)tassiiun  ^  CWFeK*. 

yellow  j)nissiate  of  potash  .J 
Hydrofn-rocvauic  acid  .    .    .    H«FeCy»  r=  (^'N^FeH*. 
Common  l^ru^iau  blue    .    .  CN'Fe'.aCN^lM^' 

-  3FeCy,2Fe'^Cy^  (^H0).> 

The  complexity  of  this  last  formula  is  ludicrous.  The  simple  iact  Is, 
that  the  K*  and  H*  of  the  two  first  salts  is,  in  a  case  of  double  decom- 
position, exchanged  he  two  fexm  atoms  s  Fe(^;  but  the  prevailing 
theory  of  the  sesquioxides,  enjoining  the  use  of  three  times  that  quantily 
of  iron,  and  presenting  no  other  solution  of  the  difficult,  the  entire 
formula  has  to  be  enlarged  to  accommodate  the  theory.  The  above  three 
salts  would  be  written  with  the  new  equivalents  as  follows 

Yellow  prussiate  of  potash  .  .  .  K  Cv,K  Qy.VoCy  -  K*  FeCy». 
Hvdmfern» •^•a^ic  acid  .  .  .  .  H  Cv,H  Cv,FrCy  =  IP  FeC\-». 
Common  Prussian  blue  ....   FecCy,FecCy,FeCy  =  Fec*FeCy*. 


'  I  omit  the  water,  as  of  no  moment  in  this  inquiry. 
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Just  as  the  last  class  of  (^snidos  (the  double  cysnides)  may  be  com- 
pared with  the  oxalates,  do  majthis  class  of  triple  cyatudes  becompaied 
ivith  the  carbonates : — 

Yellow  pravsiate  of  potaisU    .    KCv,KCv,FeCv  =  K*FeCy». 
Carbonate  of  potash    .    .    .    KO",  KG,  C  O  =  K*C  0». 

And  in  cases  of  doable  decomposition,  just  as  the  carbon  and  (nygen  of 
the  carbonate  GO^  go  t(^ether,  so  do  the  fenons  atom  and  the  cjanc^en 
of  the  cjanide  FeCy^  go  togeth^. 

Examples. — Formation  of  Prossian  blue  with  jdlow  pnissiate  of 
potaah  and  ferric  sulphate 

KK,FeCy\ 
Fec,SO^. 

Formation  of  Prussian  blue  with  red  pmssiate  of  potash  and  ferrous 


K»FecCy«. 
Fe,S02. 

The  tvro  varieties  of  Prussian  blue  are  therefore* 

Fec,Fec;  Fe  Cy«  ss  FecCjr,FeoCy,FcCy. 
Fe,Fec(y  «  FecCy.FeC^. 

The  action  of  chlorine,  in  converting  yellow  prossiate  of  potash  into 
nd  prossiate  of  potash,  is  ea^  of  explanation  bj  means  of  the  proposed 
eqtnvalenis  i— 


K«FeCy* 


fKFeoCy'. 

K  Fee  0} 


+    a     -  KFecCy*. 


KFc 

iKa 


Namf'ly,  tlie  clilorino  converts  2  ferrous  atoms  into  3  ferric  atoms; 
titese,  with  5  atoms  of  jvitiLssium  and  6  atoms  of  rvanoo:<*n,  produce 
3  atoms  of  thf*  dt>u!)le  cyaiiido  or  red  pmssiate  of  poUkjh.  The  su|xt- 
Huon§  4th  atom  oi  }x3tasaiuiu  combines  with  an  atom  of  chlorine  to  form 
diiufiile  of  |K>tas£»iuni. 

There  is  a  class  of  fourfold  cyanides,  of  which  Pmsstan  green  m:iy  ha 
taknn  as  an  example.  Gmelin's  formula  of  that  compound  is  CWFeP, 
jraw  +  1 2HO  =  FeQr,FeKJy»  +  4HO.  This  is  another  case  where 
mnoccon  in  both  conditions.   The  redaction  of  the  formula  gives— 

FeFec'Cy*  +  aHPO. 
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Finalty,  I  must  bestow  a  few  words  upon  tbequestioD  whether  hydro- 
cywm  acid  is  monobasic  or  polybasic* 

a.  If  we  take  a  quantity  of  hydrocyanic  acid  equal  to  HCy,*  wc  can,  l»y 
repla(?inj:^  H  by  a  basic  radical,  produce  a  great  variety  of  cyanides  of 
this  form,  MCy. 

The  hydrocyanic  add  is  tiherefore  Monobasic. 

h.  If  we  take  a  qimntity  of  the  acid  equal  to  HHCy*,  we  can,  by 
roplacinn^  HH,  cither  siugly  or  together,  produce  a  great  variety  of  acid 
or  neutral  salts,  siu^h  as 

HFecCy*  .  .  •  Hydroferricyanic  acid. 

KFecCy*  ,  •  .  Red  prussiate  of  potash. 

HCrcCv'  ,  .  '  ,  Hydrochromidcyanic  acid. 

HAgC^*  .  .  ,  Argentopnissic  arid. 

KAgCy'  •  •  •  Argeotocyanide  of  potassium. 

The  hydrocyanic  add  is  therefore  BiBASia 

c.  If  we  talce  a  quantity  of  the  add  equal  to  HHHCy*,  and  replace 
TTHH  partly  or  entirely  with  basic  radicals,  we  can  produce  snch 
salts  as 

HHFery"  .   ,   .  Hydroferrocyanic  add 

lvK>\  Cv'  ,    .    «  Yellow  prussiate  of  potasL 

C?H*,C*H^;  FeCy-  .    ,    ,  Ferrocyanide  of  ethyl. 

ZuZuBaCj-*  .   •   .  Cyanide  of  zinc  and  bannm. 

The  hydrocyanic  add  is  therefore  Tribasic. 

d.  If  we  take  a  quantity  of  the  acid  cqnal  f  a  HHHHCy*,  and  replace 
HHHH  by  basic  radicals,  we  produce  such  salts  as 

Fe,  Fee,  Fee,  Fee;  Cy*  .   .   .   Prussian  green. 
K,  Na,  Fee,  Fee;  Cj*,   •  .   Cyanide  of  potassium,  sodium,  and 

ferricum* 

Cn,Ag,  Ag,  Ag;  Cy^.   •   «   Cuprocyanide  of  silver, 
K,  Auc,  Auc,  Auc;  C^^ .   .   .   Auridcyanide  of  potassium* 

The  hydrocyanic  add  is  therefore  Teibabasic. 

It  appears  to  be  probable  that  the  nitro-pmasides  discovered  by  Dr. 
Lyon  Flayfiiir  contain  octabasic  eyanides. 

Pray  tell  mo,  then,  is  hydrocyanic  add  monobasic,  bibasic,  tribasic, 
tetrabasic,  or  octabasic  ? 


»  H  =  I,  C  =  x2»  N     14.    HCy  s=  27. 
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The  cyanides  of  iron^  of  all  dasseSf  single,  doable,  triple,  and  quad- 
lople,  oontatn  inm  in  its  two  chemical  conditions,  and  in  such  propor- 
tions ss  seem  not  only  to  jostify  the  assumption  of  the  existence  of  the 

f  rroiis  and  ferric  atoms,  but  to  render  the  prevalent  hypothesis  of  tli 
indivisibilitt/  of  that  quantity  of  iron  which  corresponds  to  the  sesgmoxitk 
altogether  improbable  and  imtenablc.  I  have  shown  that  we  can  have 
onni^te  salts  with  one  atom  of  Yoc,  with  two  atoms,  and  with  tliree 
atoms.  The  resohition  adopted  by  chemists  of  making  it  appear  that 
ill  tho  "persalts"  of  iron  contain  three  atoms  of  Fee,  is  at  variance 
with  the  j)laint  st,  straightforward  method  of  representing  the  facts  as 
thoy  stand  out  cleai  ly  in  our  view.  It  serves  only  tr)  <?ustain  the  credit 
of  an  unnecessary  and  extravagant  hypothesis.  The  time  will  conio 
when  chemists  will  hold  the  doctrine  of  the  sest^juioxidei  in  the  s;ime 
reapect  a-s  they  now  hold  the  doctrine  of  phi(^istOD»  which  is  its  exact 
parallel  in  common  sense  and  practical  utiUty* 

The  limits  of  this  essiiy  forbid  an  extension  of  these  illustrations, 
either  in  relation  to  iron  or  to  the  equivuKMits  of  other  elements.  Besides, 
they  will  occiu*  in  abundance  to  any  reflecting  clieiuist  who  turiis  his 
attention  to  this  subject 
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CX)MPOUND  ORGANIC  RADICALS. 


■  Compound  Organic  Radicals  and  the  Salts  tluU  contain 

thtffi. 


Formyi 


Vinyl  . 
Methyl . 


Acetyl  • 

Ethyl  . 
Acryl?  . 

Pteleyl . 


Acryl?  .  . 
AUyl  .  . 
Propionyl  . 


Propyl  •  . 


Lipyl 


H,CHO*.  . 
CHjCHO 
Pb,CHO  . 
CH*  .  .  . 
CH-,CHPO  . 
H,CH»  .  . 
CH",SO»,  • 
H.C?H(y  • 
H,C«HO^  . 
H,C*HO*  • 
H,C?H*0*  , 

H.e'H-O  . 
H,C«H»0«  . 

H,C"H»0  . 
C*H*,C»H*0 
H,C»H»0  . 
H,C"H*0*  . 
H,CH»0'  . 
C»H',NO*  . 

H,c?iro  . 

C»H»,CfH»0 
H,CfH*0  • 
H,(?H».  . 

H,C»IPO»  . 
C»H*,C»H*0* 

H,(;^H'0  . 
eH',NH*  . 
II,C«H'0»  . 


I'  ui  iiiic  Acid. 
PvroL^iillic  Acid. 
PyrugdllLite  uf  Luui. 
[Olefiant  Gas.] 
Methyllc  Etiher, 
Marsh  Gas. 
Methylic  Sulphate. 
Acomtic  Acid. 
Fmnaiic  Add. 
Maleic  Acid. 
Succinic  Acid. 
Tai-taric  Add. 
Aldehyde. 
Acetic  Acid. 
Homolactic  Acid. 
Glycollic  Add. 
AlcohoL 
Ether. 
Acrolcinc. 
Acrylic  Acid. 
Pyruvic  Acid. 
TNitrite  of  Pteleyl. 
^Uicic  Acid. 
Adipic  Acid. 
Adipate  of  Ethyl 
Acijlic  Aloohot 
Oxide  of  ADyl 
Propionic  Aldide. 
Propylene. 
Propionic  Acid,  hydrate. 
Propionic  Add»  anbydr. 
Lactic  Add. 
Metacetonic  Add. 
Propylal. 
Propylic  Alcohol. 
Propylamine. 
Glycerine. 
Phtahc  Acid. 
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c. 

H. 

Salts. 

2 
2 

3 
4 
4 

6 
7 

9 

3 
3 
3 
4 
4 

Su  beryl 
but/ryl 

BuU'l   .  . 
(Valvl)  . 

Naphthaline 

H,  C^HW?  . 
H*,C^H*0'  .  , 
H»,C*H*0»  .  . 

H,C^H«0«  .  . 
H,C*H^O    .  . 
H.C*IFO«  .  . 
H,C*H»0    .  . 
C**H»,NO»  .  . 
H,C»IPO«  .  . 
H,C»H»0"  .  . 

H,eHW  .  . 

c?»H*,a.  .  . 

Tartaric  Acid. 
Tartn  lic  Acid. 
Tartrelic  Acid 
Metatartxiric  Acid. 
Malic  Acid. 
Mfilate  of  Silver, 
8ulM'nc  Acid, 
l^u  tyral. 
Butyric  Acid. 
Butylic  Alcoiiol. 
Nitrite  of  Butyl 
Fiirftirol. 

Pyromeconic  Acid. 
Pyromndc  Add. 
CitrBOonic  Add. 
Chloride  of  Naphtha- 
line, 

Pyrotartoric  Add. 
Angelic  Add. 
Camphoric  Add. 
Camphor. 

Turpentine. 
J?ebacic  Add. 
Valeral. 

Valerianic  Acid. 
Amylic  Alcohol 

Comenic  Add. 

Citric  Acid. 

Phenole  (Phenic  Add). 

Benzine. 

Phenyl-Snlphuric  Add. 

Glucic  Acid. 
Ca|<ri)ic  Add. 
CapnJ. 

Caproic  Alcohol 
Meconic  Add. 

Gallic  Add. 

Salicylons  Add. 
SaUcylic  Add. 
Salicylic  Add.  ? 

5 

6 
< 

6 

6 
6 

6 

7 
7 
7 
7 

6 

7 
7 

6 
9 

II 

2 

3 
5 
5 

1 1 
1 1 

^3 
I 

3 
4 

5 

Angclyl 
Camphoryl. 

Valwyl.  . 
Aniyl  •  . 

Phenyl .  . 

Caproyl 
Hexyl  •  . 

Salicyl  .  . 

EP,  OTW  .  . 
H,C»H'0'  .  . 
H,C»H'0"  .  . 

eH»,C*H''0  . 
C^H'^C*!!'  .  . 

HCTPO*?.  .J 

H^c^JP(y .  • 

IT,e'H*0    .  • 
H^CH*  .    .  . 

H,C«H'»0«  .  . 
H,CH"0  .  . 
H,C«H"0  .  . 

iP,aH(y  .  . 

H'.C^W?) 

H,CTrO»?.  . 
H,C7HW?.  . 
H,<7H«0»?.  . 
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c. 

n. 

7 



5 

It  1 

iienzyi  .  . 

LI  /  i'1  I")/  i4 

('lr,ClU  . 

7 

7 

/  *7  f  T "  ill 

('11', 11  .  . 

7 

9 

H  jCyH'O*^ 

7 

lO 

7 

Uiinantiiyi  . 

7 

J5 

]L])tyl  /  . 

H,(7H"0  • 

8 

7 

Toluyl  .  . 

H,(   lr(r  . 

b 

7 

Anisyl  .  . 

T  I  /  'HI  17/  ^3 

(.  11  ,(  M  r  . 

8 

^5 

Capryi  .  . 

li,(   li  <r  , 

il,V    11    \ }  , 

T  T  /  <'i  t  I  1  \ 

il,(/'H'\  , 

8 

17 

Octyi    .  , 

£],(-  H''()  . 

I   tl  ,L  J 1  w 

1I,(   11'';  b*U* 

9 

7 

Cuiuauiyl  . 

l_I    /  <"}  I  I  "  /  iV 

ri,C*lr<r  , 

9 

Kjlyn  l  . 

(:ir',("'ii'(>'' 

9 

9 

JOLfKj  £1  U 

9 

1 1 

Mesityl .  . 

XI      xl   ,  . 

9 

1 1 

Cumenyl  . 

H,CrH" .  . 

9 

'  / 

Pelflipcnr*! 

dial KT  »  • 

10 

1 1 

Cumyl  •  . 

ii,("'"ir'(>*. 

]i,(;"'ii"()  . 

11(1, 

I  o 

10 

Thyniyl 

10 

n 

C'.unplivl  . 

lO 

19 1 

Kutvi   •  . 

Oil  id"  liittor  Almonds. 

\h'U/.>)\c  Acid. 
C'[i!( iri<l»'  ul  lieuzoyl. 
T<  tltiiiif. 

( 'lilcriilr  <»f  Tolueu}  !. 

Qiiiiiir  And. 
Pimolic  AciiU 
CE!nanthol. 
(Enauthjlic  Acid. 
Castor-oil  Alcohol. 
Etliyl-oenanthyl  Ether. 
Caprylone. 
Toluic  Acid. 

Aii!>io  Aritl. 
( 'lihjrid.'  ol"  Anisyl. 

(  apl'vlir  Arid, 

Capryiic  Aldehyde. 

( '.ijir\  lie  Alroliul. 

Sill]  tl M  K\\ [  jrx  lic  Acid. 
IlydrHl..'  t)<  CiMUiiiayl. 
CitHiaiiiic  Arid. 
(Mill tfid'-      ( 'i))ii;inivl. 
(.'iiitiaiiiutc  ol  iStyiyl. 
Styrone, 
Xylitic  Acid. 
Mesitylol. 
Ctimene. 
j  Cmnonyl-Sulphurous 
I  Acid. 
Pclargonic  Acid. 
Ciiniiuic  Acid. 
11  ydi.itr  uf  Cumyl. 
Ciimilide  of  Pr>tassiutD. 

]']<sriiri'  oi'  Anis. 
I  I\'dniti'  1 4'  'rii\  iiivl. 
j  Tb)  in  vl  -  Sulphuric 
I  Add. 
(\uni)!iolic  Acid. 
I  Kutic  Aad. 
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c. 

H. 

10 

10 

'9 

II 

21 

12 

23 

13 

25 

14 

27 

15 

29 

3' 

3^ 

16 

33 

33 

18 

33 

18 

33 

18 

35 

19 

37 

20 

39 

21 

41 

27 

53 

27 

55 

50 

59 

30 

61 

Butjl  . 


Lauryl  . 
Cocinyl. 
Mjristyl 


Pahmt]rl 


0^4. 2Aq 
H,C»«H»0*. 


Cery\    .  . 
Melissyl 
Myricjl,  , 


"IP' 

,C'^H»0» 

H,C*^IP(J*  . 
H,C-H«0  • 


H,C 
H,C 

H,C 
H,C 

H,C 
H,(' 
H,C 

H,C 
H,C 
H,C 
C*H 


Sulphite  of  Butyl- 

Ammoniom. 
Capric  Add. 
Maigaritic  Add. 
Laurie  Add. 
Codnic  Add. 
Myristic  Add. 
Benic  Add. 
Palmitone. 
Palmitic  Add. 
Cetene. 

Polmitate  of  AmyL 
Ethal. 

Cetyl-Snlphuric  Add. 
Marguric  Acid, 
^largiimte  of  £thyl. 
Oh  ic  Acid, 
liicinolic  Acid. 
Stearic  Acid. 
kSteai'ate  of  Amji, 
Balenic  Acid. 
Butynic  Acid. 
Beheinc  Acid. 
Cerotic  Acid. 
Hydrate  of  Ceiyl. 
Meliflsic  Add. 
Hydmte  of  Myricyl. 
Palmitate  of  Myricyl. 


Oompoimd  Qigamc  BadicaU. 

The  oompoond  radicals  contained  in  this  Table  are  compomids  of 
CBrixMi  and  hydrogen  only.  They  are  free  fiom  oxygen,  iiitroflen» 
chlorine,  and  sulphur.  Tlu  v  vary  greatly  in  oompoaitiony  from  For- 
myl  =  CH  to  Myricyl  =  C»H«. 

To  some  of  these  radicals  I  have  applied  the  names  by  which  they 
ire  commonly  known ;  to  othera  the  names  that  are  sometimes  applied 
to  what  I  should  call  llietr  oxides ;  while  many  of  them  are  stiU  without 
names.  To  assist  in  their  identification,  I  have  dted  a  variety  of  salts 
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that  are  commonly  assumed  to  contain  them.  The  fomnilte  of  these  salt4* 
are  \vritten  according  to  the  plan  advocated  in  this  paper,  and  to  be  ex- 
plained in  a  subsequent  st-ction. 

A  clifEculty  in  applying  names  to  these  radicals  arises  from  the  fact, 
that  the  same  combinatioii  of  carbon  and  hydrogen  apparently  acts  as  a 
radical  in  salts  of  very  different  character.  Thiis,  the  oompoand  C*H* 
seems  to  represent  acryl,  ally),  propionyl,  and  the  radicab  of  the  lactic 
and  melacetoiuc  adds.  So  also  C*H*  representB  phenyl  and  the  radiCBl 
of  the  citric  add.  Whether  in  sach  cases  we  have  to  do  with  one 
xadical  or  with  more  than  one,  it  is  at  present  impossible  to  determine. 
It  is  not  unlikely  that  some  of  these  are  synonymous  terms  for  the  same 
thing,  and  may  hereaflter  be  dispensed  with. 

I  accept  these  radicals,  theoretically,  as  the  chemical  equivalents  of 
atoms  of  the  elements.  Whatever  may  be  the  compiesdty  of  the 
constitution  of  a  radical — whatever  the  number  of  its  atoms  of  Carbon 
and  hydrogen — I  consider  that  it  forms  one  molecule ;  tliat  its  chemical 
action  is  that  of  one  atom  or  one  equivalent ;  that  when  it  acts  as  an 
acid  radical,  it  replaces  one  volume  oi  clilorine  t)r  combines  witli  one 
volume  of  hydrogen;  that  when  it  is  a  liasic  radical,  it  ct^nibincs  with 
one  volume  of  chlorine,  or  rpnlarr-s  one  volume  of  hydrogen.  A  com- 
pound radical  is  in  all  re.-^jMii.s  ili*^  c  liernical  equivalent  of  one  atom,  or 
one  volume,  of  any  element,  except  oxygen. 

The  assumption  of  the  (»xist<?nce  of  these  radicals'is  purely  theoretical. 
The  evidence  in  supjx)rt  of  the  aiismnption  ii>  to  be  given  in  the  folluwing 


me  repeat,  that  I  speak  of  radicab  that  contam  carbon  and 


"hydrogen  only.  Compounds  that  contain  oxygen  or  nitrogen  are  of  a 
totally  different  diaracter. 


The  mat^'fials  ft^r  this  table  have  been  princijially  derived  from 
Gmeux's  II(iu(lfxx>h  of  Chemistiry  and  Gerhaki>i's  Traite  de  Chimie 
Oryanique.  The  table  is  not  to  be  cunsidi-red  as  presenting  anything 
more  than  a  selection  of  examples  to  illustrate  what  I  mean  by  com- 
pound ladicals  and  their  combinatioDS.  Those  wlio  desire  more  detailed 
information  may  consiilt  the  two  eystematic  works  that  I  have  just 
named. 
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Composition,  Specific  Gravities,  Atomic  Weights,  and 
Atomic  Measures  of  Gases  and  Vapours. 

The  compoiimls  named  in  tins  Table  exceed  three  hundred.  They 
m  arran^^txl  alphabetically,  aicuiding  to  the  names  in  common  use. 
T!i<  V  have  furmulm  according  to  tlie  system  descriheil  in  this  Essay.  Tiie 
fullowing  particuLuo  arc  given  of  each  comjH^und: — 

I.  The  observed  speciiic  gravity  of  the  gu3,  stated  aguiiL:,t  that  of 
itoiospheric  air  taken  as  unity ;  with  the  name  of  the  obser\'er. 

3.  The  observed  specific  gravity  stated  against  the  specific  gi-avity  of 
hydrogen  gas  taken  as  unity. 

3.  The  atomic  weight  of  each  oompoond  on  the  hydrogen  scale* 

4.  The  theoretical  specific  gravity  on  the  same  scale. 

5.  Under  the  head  of  atomic  measme  I  have  given  the  number  of 
fommes  which  contain  an  atom,  or  equivalent*  of  €»ch  gas. 


In  connection  with  the  proposal  to  mark  the  specific  gravities  of 
gBes  in  numbers  relating  to  their  atomic  weights^  I  take  this  opporttmity 
cf  suggesting,  that  the  vessds  in  which  chemists  are  accustomed  to 
nmsnie  gases,  might  be  graduated  in  such  a  manner  as  to  indicate  the 
weight  of  the  gases.  This  can  be  effected  by  adopting,  as  a  standard  gas 
measure,  a  vt-s-el  that  contains  one  grain  of  hN  drogen  gas,  the  volume  of 
which  at  60P  F.,  and  30  ins.  Bar.,  is  46*7  cubic  inches.  Tliis  vessel  may 
be  divided  into  100  spaces,  each  of  which  will  contain  grain  of  * 
hydrogen  gas.  A  vessel,  one-tenth  of  that  size,  =  4I  cubic  inches, 
divided  into  100,  would  have  divisions,  each  =  y^ov  grain  of  hydro- 
gai  gas.  The  weight  of  any  gas  measured  in  the.'^e  vessels  Would  be 
found  by  multiplying  the  measure  of  tlie  gas  by  its  S|>ecific  gravity, 
according  to  tlie  tlimretical  nnniljer  given  in  the  following  Table.  Thus, 
80  mt^L>urf->  of  dry  nitrntron  g.is  collectcnl  in  the  small  tube,  at  30  ius. 
bar.  and  60'^  F.,  would  weigh  0'o8ox  14  ^  i"i 2  gi'ain.  Of  course, 
owr^tions  u\you  the  measure  of  a  g.is,  collected  over  watf»r  at  another 
temperature,  and  under  a  dillerent  ])ressure,  would  have  to  be  ni.ido  as 
usual.  Vessels  tlias  graduated  would  be  useful  for  class  exj)eriiueuts, 
as  well  a-?  for  analytical  purposes.  To  give  on(;  i'xaui{)le, — A  receiver 
Wr  showing  the  conduistion  of  phosphoms  in  oxygen  gas,  mav  Vie 
known  to  couLuii  10  grains  of  hydrogen  gas.  TJie  question  is,  iiuw 
iDuch  chlorate  of  jx>tiish  will  afford  oxygen  gas  sufficient  to  fill  it.  10 
grains  of  H  =  lo  atoms  of  H  »  lO  atoms  of  O.  The  formula  uf 
chlorate  of  potash  being  KCIO*,  the  quantify  required  ia  3]  atoms,  and 
tddng  the  atom  of  this  salt  at  122*5  ff^^^  '^^i  X  3I  ~ 

40S1  grains  of  the  chloiate  of  potash  will  give  the  requisite  quantity  of 
Qsygen  gas, 

E 
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• 

> 

1 

Caliours. 

Gerhardt 

Diunas. 

Natanson. 

Regnault. 

Regnault. 

Regnault. 

Gerhardt. 

Liebig. 

Berthelot. 

Dumas. 

Redtenbacher. 

Dumas. 

Biot  and  Arago. 

Rose. 

Bineau. 

Bineau. 

Bineau. 

Bineau. 

Bineau. 

Frankland. 

Frankland. 

*  „ 

(v  r 

■/I 

O  y7< 

(N    »~v~i  (SI    i-i    r<-v  (VI    r±-  CN    >-h    C^J    CM           r,~>  O    O    O    O    O    O           M~  CxJ 

Observed 
Sp.  Grav. 
H  =  I. 

o>vo 

M  roiTici  ««  %r\rf\\o  ^«                      h^^^mmovm  t^m 

8    >  M* 

••3  £ 
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Dumas. 

1                 t  •  /  / 

Rose. 

Couerbe. 
Bineau. 

Gerhard  &  Cahours. 

Dumas. 

Dumas. 

Devil  le. 

Walter. 

Dimias. 

Frankland 
Chancel, 
Cahours. 
Cahours. 
Cahours. 
Dumas  and  Stas. 
W.  Henry. 
Gay-Lussac. 
Frankland.  w/. .  J"  > 
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Sulphur,  Chloride  . 
 Dichloride  . 

—  Pentasulphate  of  ) 

Terchloride  of  Sulphur     . ) 
Styrol  (Cinnamol)  . 
Telluretted  Hydrogen 
Thymyl,  Hydride  (Cymen) 
Tin,  Chloride  .... 
Titanium,  Chloride  . 
Toluine  (Toluol)  . 
Retinnaphtlia .... 
Turpentine,  Essence. 
V  aieryi  ^^compounus  01 )  . — 

—  Valerine  (Amylen) 

—  Valeral  .... 

—  Piperidene 

—  Methylopiperidine 

—  Ethylopii)eridine 

—  Valerianic  Acid  . 
Vinyl  (Olefiiint  Gas) 

Water  ..... 
Zinc  Ethyl  .... 
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No  hypothetical  specific  gi-nvities  are  given  in  this  Tal)le.  No  gases 
are  admitted  but  such  as  have  lunni  actually  prcxluced,  and,  with  a  few 
exceptions,  weighed.  Hence  cailjun,  tluorine,  boron,  silicon,  antimony, 
zinc,  telluriuni,  &c.,  are  excluded.  The  Table  tlierelore  represents  in  its 
weights  and  measures,  a  nia^s  of  facts.  The  formulae  alone  are  theo- 
retical. It  enables  us  to  take  a  comprehensive  and  trustworthy  survey 
of  that  chemical  region  which  consists  of  gases  and  vapours.  It  shovre 
us  oa  ezpenmentsl  evidence  the  w^ght,  the  measure,  and  the  iilttmate 
composition,  and  theoretically  the  proximate  constitation,  of  above  three 
hundred  well-known  volatile  bodies.  Of  that  large  field  we  have  an  ac- 
curate bird's^ye  view.  What  do  wb  see  there? 

First  of  all  we  perceive^  that  all  the  hydrocarbons  that  act  as  radicals, 
all  those  which  in  combination  displace  an  atom  of  hydrogen  or  of  chlo- 
rine, have,  in  an  isolated  state,  an  atomic  measure  of  one  volume.  They 
are  consequently  the  equivalents  of  one  volume — of  one  atom — of  one 
equivalent  of  hydrogen.  That  is  the  case  with  all  the  radicals  that  have 
yet  been  isolated ;  with  methyl  whose  specific  gravify  is  t  <,  with  ethyl 
=  29,  with  acryl  «  41,  with  but)'l  =  57,  and  with  :mi  vK  %vhoso  spe- 
cific gravity  is  71 ;  all  these  radicals  diflering  so  greatly  in  their  density, 
have  an  atomic  measure  equal  to  Uiat  of  hydrogen,  whose  specific  gravity 
is  I.  Dr.  Fmnkland  fixed  the  atomic  mctisures  of  ethyl,  of  methyl,  and 
of  amyl,  at  two  voUini*»'^  (\\r]\^  and  Dr.  Hofmann  argiieil  that  it  oiiidit 
to  l)e  four  volnmos.  but  from  the  ])eculiar  pcant  of  view  wliieli  is 
rec(ramendod  m  this  Essav,  the  theoretical  measure  is  seen  to  l^e  only 
one  voliun^,  and  the  experimental  evidrnce  proves  that  each  compound 
radical  is  equivalent  to  one  vohune  of  liydmgen. 

Secondly,  it  appears  that  there  are  121  c()ni|K)imds — two-fiftlis  of  the 
whole — which  have  in  common  these  t^'o  ])roperties:  they  form  two 
volmiies  of  vaponr,  and  they  contain  two  radieals.  These  mdicaU  are 
in  some  cases  smiple,  in  others  oomjjound ;  sometimes  they  are  oxidised ; 
sometimes  not  oxidised ;  but  the  compoimds  all  agree  in  the  two  leading 
characters,  that  there  are  two  radicals  in  every  compound,  and  that  eveiy 
compound  forms  two  volumes  of  gas. 

By  arranging  these  compomids  m  ffrmps,  we  shall  show  dearly  tihe 
evidence,  and  the  peculiaritieB,  of  thdr  binary  constitution. 

First  Group, — Combinations  of  compomid  radicals  with  one  another. 
7  examples 

C?*H»,C*H"    ....  Butyl-amyl. 
OH^C•H»•    ....  Butvl-hexvl. 

C»H*,C*H»  Ethyl  l  iitvl. 

rH^eH'»    ....  KthyUmyl. 
CFr,eH'»  Methyl-hejyl. 

cw,cnrnri  ^    ,  . 

C*H"  C*H^    j    '    *    *  ^i^P^oienc. 
C»H''s(?ff    ....  Retiuole. 
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AJI  these  radicals  belong  Individually  to  the  class  of  basic  radicals,  yet 
the  diflerences  between  them  are  sufficient  to  enable  them  to  act  as  basic 
wad  add  in  respect  to  one  another.  The  electro-chemical  force  is  stiOU 
preaent,  perhaps  in  feeble  action,  but  in  action  quite  sufficient  for  the 
parpose  of  ensuring  combination. 

Second  Group,-— QtmpcfoadA  of  hydrogen  with  a  compound  radical. 
(Hydrides.) 


x8  £xampl<s : — 

H,C*H» 

H,C*H» 
H,C»H»» 
H,(?H» 

H,C*H'» 
H,C'«H»" 


M'-t]ivl  livflride  (marsh  gas). 

Ktiiyi  hydride. 

Propylene. 

Butyrine. 

Butyl  hydride. 

Likene. 

Valcrine  (Amylen). 

Amyl  hydride. 

Phenyl  hydride  (Benzine). 

Hexylene.  Oaproiline. 

Tduine. 

Betinnaphtba.  t 

Mesitylol. 

Retinyl? 

Caprylene.  Octylene. 
Cumenyl  hydride. 
Thvnivl  hvdridc. 


,    .    Cotenc.    Palniityl  hydridn. 
Third  Group. — (.V»injK>uiid.s  fif  hydnjgon  with  an  oxide  uf  a  corapound 
ndical ;  or,  it  may  b?,  compounds  of  a  comjx)iind  radical  with  oxide  of 
hydrc^n,  thus — CH-*,IIO,  &c   (^AkMs.  Hydraied  oxides.  Aldides.) 
1 8  Examples;-- 

"  .   .   Methylic  alcohol. 

.   .  Aldehyd. 
:   .  AlcohoL 
•   •  Acroleinc. 


H,CH»0  . 

H.cai*o  . 

H,C^H''0  . 

H,CH*0  . 
H,(^H'0  . 
H,C*H-0  . 
H,C*H»0  . 

H,(PH"0  . 
H,(7H'»0 . 
H,C"H"0 . 


Acrylic  alcohol.  1 
Ph>pionic  aldide.  | 
Propyl ic  alcohol. 
Butyral. 
Butylic  alcohol. 
Angelyl  hydrate. 
Valeral. 

Araylic  alcohol. 
Capruic  alcohoL 
Oenanthol. 
Qistor  oil  alcohol. 
Oaprylic  alcohol. 
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H,C'°H"0  .    .    .    Cumvl  hydrate. 
H,C»»H"0    .    .    .    Essence  of  anis. 
Fourth  Gwup. — (.<)injX)Uiids  consistmg  of  a  cx>mpound  radical)  com- 
bined with  an  oxide  of  the  same  radicaU   (^Ethers*  Oxides.) 
3  Examples : — 

CH»,CH='0  .   .   .   Methylic  ether. 
C?H*,C«H»0.    .    .  Ether. 
AsC»li%As(P'H''0  .    Oxide  of  cac(xlyl. 

Fifth  Group. — Com|xjuuds  containing  a  coiiUHnmd  radical,  combined 
with  an  oxide  of  a  difierent  compomid  radical.    (  Compound  Ethers  and 


12  Examples: — 

CH^CH*0  . 
CH^C*H«0  . 
CH»,C?»H"0. 
(?H*,C»ir»0 

CW,(7H"0 
e'H^C*H'0 
CW.CNO  . 


Acetone  [methyl  and  acetyl.] 
Lignone. 

E£ylate  of  netliyl. 
Amjkte  of  metfayL 
Amylate  of  etihyL 
Ethyl-heptyl  ether, 
Butyione. 
emanate  of  ethyl* 
Gunphor. 

Peppermint  CSamphor. 

Cedrole. 


Subcrone. 

Sixth  Group. — Compounds  containing  of  hvdrogen,  coTiibino*] 

with  an  oxide  of  a  corii]X)mid  radical  Thiki ;  HO  -f  CHO  =  HjCUO*. 
(Hydrated  Organic  Aciik.) 


9  Examples : — 

H,CHO« . 
H,C*IPO» 
ll,C*H'0« 

H,C»H'0* 
H,C»H"0^ 
H,<7H«0» 
H,aH«0» 


Formic  add. 
Acetic  acid. 
Butyric  acid, 
Furlurul. 
Valerianic  acid. 
CSapfoic  acid. 
B^zoic  add. 
Oenanthylic  add. 


Gamphoiic  add« 

S$wnUi  Group. — GompoctiidB  containing  an  oxide  of  a  compound 
radical,  combinetl  witli  an  oxide  *  f  a  different  compound  racUcaL  Thus: 
CH*0-|-CHO-  (  IP,(;H0».  of  Methjfl,  Mhj^,  An^  Bufyl, 


with  Organic  Adds.) 
21  Exampl<  ^ :  — 

cii  '  .rilO"  , 

CH*  ,(?H*0" 


Methyl,  formiate. 
Metliyl,  acetate. 
Methylal. 
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cu»,e'H"o* 

CflP  ,CHO» 

c*H»  ,c*iro« 

C*H*  ,(yH»0* 

CH*  ,C"'H"0« 
CH>  ,C'«H«0« 

eH»sc*H»o* 

<?H",C»HW 
IS^A^^  (Troup.— Comp 


Methyl,  butyrate. 
Metli)  !,  caproate. 
Methyl,  beoizoate. 
Metby  1,.  capryhte. 
Etbyi,  foimi&te. 
Ethyl,  acetate. 
Ethyl,  botyiate. 
Ethyl,  butylafce. 
Etliyl,  valerianate. 
Ethyl,  caproato. 
Ftli  \  1,  benzf)iit<\ 
J  j  livl,  caprvlatc. 
EUiyl,  cinnaiiiate. 
Ethyl,  cuniiiidte. 
Ethyl,  laurate. 
Butyl,  acetate. 
Aniyl,  acetate. 
Aniyl,  valeriatiate. 
ocmtaming  an  oxide  of  a  metalloid,  oom- 


bined  with  an  oxide  of  a  compound  ladicaL  (Niir&es,) 
^  Eiamples : — 

(Jir  ,N0*    ,   ,   ,   Nitrite  of  toluine  (mtrobetizoeDe)« 
C«H\NO«    .    .    .    Nitrite  of  ethyl. 
C^*  ,N0"    .    .    .    Nitrite  of  phenyl  (nitrobenzide). 
C*H",NO«    .    .    .    Nitrite  of  amyl. 
Ninth  Group. — (.V)rnj)Ounds  consisting  of  a  compound  radical,  com- 
bined witli  a  metalloid.    (^Cidorid&St  Jodtdes,  Broimkst  -Ifluorides, 
ami  C'f/unuies.) 


21  Examples: — 
C*H^  ,C1 
C»H»,CI 

AaCW,a 
C»H»,CI 

C*H*  ,Br 

eH%Br 
C'H*  ,Br 
CH",Br 
CH»  ,1 

eH"  ,1 
(?H»  ,1 
C  il'  ,1 
CH\F 


Chloride  of  acetyl. 
Chloride  of  amyl. 
Chloride  of  butyl. 
Chloride  of  caoodyl. 
Chloride  of  ethyl. 
Chloride  of  methyl. 
Bromide  of  acotyl. 
Bromide  uf  butyl. 
Bromide  of  ethyl. 
Bromide  of  methyl. 
Iodide  of  acetyl. 
Iodide  of  amyl. 
Iodide  of  but}  !, 
lotlide  of  ethvl. 
Iodide  1)1'  iin  thyl. 
Fiuonde  of  uu'.thyl. 


f2 
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C*H'»,C)r  .    .    .   cyanide  of  amyl 
AsCH*  ,Cy  .   •   •   (>aiMde  of  caoodyl. 

CH",Cy  •    .   .   (VaDide  of  methvL 

OH*,Gy  •    .    .   Cyanide  of  butyl. 

CH^,Cy  •    .   •   Cyanide  of  phenyl. 
Tenth  Group. — Compounds  containing  a  compound  radical,  combined 
with  an  oxide  of  a  metalloid.    {Oscychhrideif  &c.) 
2  Examples : — 

C'H\C10  .    .    .    Chloride  ofLenzoile. 

C'H*,C10  .    .    .    Oxychloride  of  acetyl. 
EUventh  Group. — Compounds  of  varioos  orders,  all  containing  three 
atoms  of  oxygen. 
6  Examples: — 

C*H*,r*H'0*    •    •    Anhydrous  acetic  acid. 

C^H'A'^H'C    .    .    Anil vdrous  batvric  acid. 

C«H^C'H^ ;  C  (y  .     (;arl»onat<>  of  etlivl. 

C-^mC'H*;  6W  .    Sulphit.' of  ethvl. 

C*H^C^H'0"    .    .    Pvronuirato  <)f 'ethyl. 

C  H*,N(F  .  .  .  Nitrate  of  methyl. 
The  com|>oun(ls  ciuiuk  rated  in  these  eleven  groups  amount  to  i2r. 
Their  jtroperties  arc  r('markal)le.  They  all  contiiin  two  mdicals.  They 
all  pnxhur  two  volumt.'S  of  gas.  Most  of  them  contain  two  comjx)und 
radic<ils.  A  f»'W  contain  one  simple  and  one  compound  mdical.  When 
these  radicals  are  isolated,  each  of  them  (as  &r  as  our  knowledge  ex- 
tends), forms  a  single  volume  of  gas:  consequently,  they  all  combine 
with  one  another  without  suffering  condensation.  The  relation  of  the 
compounds  to  oxygen  is  as  follows . — ^6  of  them  contain  no  oxygen ;  3  5 
contain  one  atom ;  34  contain  two  atoms ;  and  6  contain  Uuee  atoms  of 
oxygen.  Whatever  the  quantity  of  oxygen  present,  each  compound 
has  merely  the  gaseous  volume  that  is  proper  to  its  two  radicals.  This 
is  equally  the  case,  whether  the  radicals  are  simple  or  compound, 
whethtf  the  quantity  of  oxygen  is  one,  or  two,  or  three  atoms,  or  none. 
The  ojqrg'  u  increases  the  weight  of  the  radical,  but  adds  nothing  to  its 
measure.*  With  hydrogen  the  results  are  entirely  diflerent.  Anif  gwitt' 
tityof  carbon  and  hydrogen,  which  is  combined  by  the  organising  powers 
of  natm^e  into  a  com]X)und  radical, — from  two  atoms  (Fonnyl  =  CH)up 
to  thirty'Ji'  '  atoms  (Lfuirvl  -  ( V'H**)  is  condensed  into  a  single  volume 
of  gas,  which  is  cheniicallv  c<iuivalent  to  a  single  volume  of  hydrogen  ; 
but  we  cannot  expcrinicntallv  combine  with  one  of  these  radiads 
another  volume  of  hvdrogen  without  producing  a  hydrithMvhich  measures 
two  volinu<*s.  Thus,  ox\  gen,  which,  wlien  scpjiraU'd  from  other  (  Icnicnts, 
can  be  obtained  <»nlv  in  the  state  of  gas  when  it  goes  into  g;i>eous  cuni- 
l)in.Ui(»n  with  coni|M>und  radicals,  lr)ses  its  volume,  and  adds  only  t<j  the 
Weight  c)f  the  conn)ound.  and  nothing  to  the  measure.  How  is  it  that 
this  remarkable  fact  ha.->  hitherto  esca^xKl  the  notice  of  chemists  ?    Is  it 
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not  a  powerful  argunipnt  in  support  of  the  theory  of  the  sepaiiite  cxist- 
onco  of  the  compound  radicals?  The  difference  fxtweeii  oxygen  and  all 
other  elements  proven  clearlv  that  oxvon"'n  is  not  a  nulicid,  and  is  never 
the  equivalent  of"  a  radical  ;  not  one  of  the  i2i  salts  ^numerated  in  the 
lbre<fuin<r  urnnn^?,  can  exchan^ie  either  of  its  radicals  for  oxvjfcn,  thouixh 
radicaLs  can  h-^  >ubstituttil  for  radicals,  «.^itiier  single  or  coniiK.nnid,  to  any 
extent  whatevei.  Hence,  all  the  arguments  that  have  l>ten  urged  in 
tiivour  of  the  hyp<^theses,  that  one  volume  of  oxygen  is  the  e(juivalent 
of  two  volumes  of  liydrogen  and  of  two  volumes  of  chlorine,  lail  to  the 
ground. 

From  the  facts  disclosed  by  this  survey,  I  think  we  may  draw  the 

Ceral  conclusions,  that  all  &alts*  are  binary  ;  that  they  are  compounds 
Qed  of  two  radiocdSf  which  may  be  simple  or  oompouiid,  oxidised  or 
not  cmdlged. 

The  evidenoe  that  has  been  brought  fbrwaid  in  support  of  this  theory 
IB  tifofold;  firsty  that  which  coasists  in  an  attempted  refutation  of  the 
hypothesis  of  sesqnioxides,  and  secondly*  the  evidence  supplied  by  the 
phyakal  constitation  of  the  gases,  and  which  may  be  termed  the  atyu' 
mmt  from  ^aaeous  volumes*  The  evidence  that  would  be  obtained  by 
comparing  the  oompoonds  that  are  volatile,  with  the  immense  mass  m 
corresponding  oiganic  compounds  that  are  not  volatile,  may  be  caJled  the 
arpttnent  from  -wdhgy.  It  is  an  arginuent  of  groat  weight,  lait  its 
eompnshenstveness  unfits  it  for  the  limita  of  this  Essay.  I  shall  in  the 
IbOawing  pages  adduce  a  &w,  bat  only  a  few,  illustretions  of  this 
character. 

The  radical  theory  modifies  in  a  peculiar  degree  the  chemi(  al  character 
which  is  usually  ascrilx^  to  oxygen.    Hitherto,  chemists  have  been 
accustomed  to  consider  oxvgen  as  a  centre  round  which  all  other  elements 
L^yr.itod — the  sun  of  the  cliemic^U  planetarv  svstem.    But  the  radical 
tfieoiy  proves  to  us,  that  the  substantive  elements  of  a  salt,  wheth<'r  it 
is  acid,  alkaline,  or  neutral,  are  the  two  radicals  which  it  contains. 
Without  two  radicals  there  can  be  no  salt.    Without  nxvgen  we  can 
have  many  salts.    Any  two  radicals,  simple  or  compuund,  can  fomi  a 
salt,  with  no  oxygen,  with  one  atom,  or  two,  or  three,  or  four  atoms  of 
oxygen.    The  «?<[uivalency  (jf  the  radicals  is  not  affectiil  I'V  the  presence 
or  absence  of  oxygen.   Those  salts  w  liich  hav**  no  oxygen  are  a.s  jMn  ft-ct 
in  their  characters  as  those  which  have  much  ox)  gen.    Those  salts  which 
are  gaseous  have  no  increase  in  volume  from  the  acquisition  of  oxygen. 
A  volume  of  hydrogen  in  combination  (not  forming  part  of  a  radical) 
ineasiires  a  volume,  so  does  a  volume  of  chlorine.   One,  two,  or  three 
Tofamies  of  oxygen  in  combination,  measure  nothing.   0]c\'gen ,  therefore, 
is  Dot  a  radical,  or  salt-formBr^  in  the  sense  in  which  hydrogen,  chlorine, 
tiie  metab,  and  the  hydrocarix>ns  are  radicals.   A  volume  of  it  is  not 
tbe  equivalent,  ather  of  one  vohime,  or  of  two  volumes  of  hydrc^n  or 
of  chlorine.   Its  action  is  peculiar  to  itself,  and  not  a  property  wlidch  it 
tiolda  in  common  with  other  dements.   In  forming  our  notions  of  saltSi 
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aiu!  in  fnnning  *>ur  ])lans  for  tlu  ir  classification,  wo  should  consf»^nently 
do  s<;  without  n'j^iiril  to  t!i»'  |»r<'>once  or  absonro  of  oxv^/cn.  For  that 
rcjLson,  we  kjiv  tli.it  a  coinpumd  ol'  two  radicals  is  a  siilt,  whcthtT  the 
radicals  are  oxidised  or  not.  And  by  enlarging  our  conception  of  tlie  word 
**  radical,'*  so  that  it  signifies  either  elements  or  compound  radicals,  we 
are  pR>v^kled  with  a  theory  of  the  salts  that  appliea  equally  to  inorganic 
and  to  organic  chemistry. 

Ox\  gen  is  not  only  unneoessary  to  the  esiatence  of  a  salt,  bat  it  is  sot 
even  the  aadfcfm/er  m  the  aenae  that  many  cfaemiato  ao  oonsider  it. 
*  Even  among  inorganic  compounds,  oxygi>n,  as  was  many  years  ago 
pointed  out  by  Davy,  is  not  the  cause  of  acidity.  Chlorate  of  potassium 
=  KCl  is  a  neutral  salt,  and  whon  three  atoms  of  oxypon  are  added, 
pro<hicing  chlorate  of  |)otash  -  KCIO*,  the  salt  is  still  neutral.  The 
hydrate  of  cliloric  acid  -  HClfP  is  an  acid.  Remove  all  tlio  oxygtn, 
leaving  hydrochloric  acid  —  HCl,  and  th^'  rouiix>und  is  still  ;icid.  So, 
among  coni|)oiuid  organic  radicmls,  tin*  pie.>ence  or  the  quantity  oi  oxygen 
is  not  the  cause  of  jicidity.  An  acid  rcHjuires  the  j)reseuce  ol  an  acid 
rcuiiail.  An  acid  radical  can  sometimes  be  j)i\xluced  by  the  action  of 
OX)  gen  on  non-acid  compounds,  but  even  tlien  the  acid  is  seldom  the 
result  of  the  mere  addition  of  oxygen.  Other  circmnatances  operate  to 
this  end,  and,  among  these,  one  of  the  most  important,  as  respects  the 
hydrocarbons,  is  the  right  apportkmnmt  cf  iknr  hydrogm  to  Mt 
carbon.  In  iUustration  of  this  point,  the  following  Table  presents  a 
selection  of  compoand  radicals,  arranged  in  such  a  manner  as  to  show  this 
relation — the  radicals  which  contain  the  greatest  relative  quantity  of 
hydrogen  being  placed  Brst  in  the  list: — 


fiattos. 

Fonnnlc. 

RmUoiK 

f^.ilts  containing 
the  liadicBls. 

C.       H.  1 

I  !  3* 

1  2'5 

I  2333 
1  1  3*35 

I  1  2'2 
I  1   2*1 67 

1  !  2-143 
1  2125 
I  2*067 
1    2  '062 
I  2037 
I  1  2-033 

I  :  2' 

C  H* 
C«H* 

jCW 

e  w 

H" 
C'  li'* 

eHi=" 
am'' 

Methyl. 
Ethyl. 
Propyl. 
LipyL 

Butyl. 

Amvl. 

Hexyl. 

Hop'tyl. 

Octyl. 

Cvtv]. 

O'l-yi. 
1  Mvricvl. 

1  Olefkmt  Gas  (Vinyl). 

Palmitone, 
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rormulie. 

Badicali. 

tbeSadioOs. 

c. 

H.  1 

I 



1-967 

Melissyl 

*  •  • 

Melissic  Acid, 

I 

1-963 

•  « 

Cfrotin  Acid. 

I 

1*952 

•  • 

iicliunic  Acid. 

I 

i'95 

•  • 

Arachidic  Acid. 

I 

•  • 

Balenic  Acid. 

I 

1-944 

»  * 

Stearic  Acid. 

I 

I -94 1 

•  ■ 

Margaric  Acid. 

I 

1*937 

Palmitjl 

Palmitic  Add. 

I 

1*933 

C»»H« 

•  • 

Benic  Add. 

I 

1*928 

M3rri8tyl 

Myristlc  Add. 

I 

1923 

om^ 

Cocinyl ,       «  . 

Gocinic  Acid. 

I 

1-916 

•  • 

Lacuric  Acid. 

I 

1*909 

Margaritic  Add. 

I 

1-9 

C"H" 

Rutyl  . 

Rutic  Acid. 

Capri c  Acid. 

I 

1-889 

Pelargyl 

Peiargonic  Acid. 

I 

1-875 

Capryl  . 

Capryl ic  Acid. 

I 

1-857 

II" 

Oenantliyl 

Oenanthylic  Acid. 

IP*  H^i 
1 £1 

JCaproyl. 

C^proic  Acid. 

1-833 

\     .  . 

Glucosic  Acid. 

I 

Ipiatra 

J     •  • 

Oleic  Acid. 

Ridnolic  Ac&L 

1 

1-8 

(?H* 

Valeiyl . 

Valeriamc  Add. 

I 

'•75 

Butyryl . 

Butyric  Add, 

I 

n 

Cani])hyl  • 

Campholic  Acid, 

f  Acryl  ?  , 

Aaylic  Alcohol, 

AUyl?  ; 

I 

1*667 

C»H» 

,  PiopioDyl     •  • 

Propionic  Add. 

Lactic  Acid. 
Metacetonic  Add. 

I 

v6 

Sebacic  Acid, 

( 

Acetyl  •      »  • 

Acetic  Acid. 

jc*H" 

Honiolactic  Acid, 

I 

1 

Gly collie  Acni. 

Suberyl . 

Suberic  Acid. 

I 

1-429 

•  • 

Fitnelic  Add, 

**4 

C»H' 

JAngelyl  • 

Angelic  Add. 

I 

(Ounphoryl  • 

Oamphoric  Add. 

*'333 

C"H* 

•  • 

Mucic  Acid, 

X 

Adipic  Add. 

1 

n 

ThjmjU 
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Ratioe. 

Salts  oontaining 

the  Hridimls. 

p 

a* 

1 

1-286 

Kinic  Acid. 

1 

1-25 

c*w 

laotactaric  Acid. 

I 

1*222 

C  H" 
C'H" 

Cumenyl. 
Mesityl. 

I 

1*2 

eH" 

Pvrotartaric  Acid. 

I 

1*1 

Cumyl  . 

Cuminic  Acid. 

C  H' 

Formyl  . 

Formic  Acid, 

Pteleyi. 

CH" 

1 

i 

Succinic  Acid. 

1 

1 

jAayl?  • 

J  if 

Acrj'lic  Acid. 

I 

Pyravic  Acid. 

0  xl 

Malic  Acid. 

Metatartaric  Acid, 

Styryl.' 

J 

0575 

lAnisyl  . 
iToluyl  . 

Anisic  Acid. 
Toluic  Acid- 

I 

0-853 

Cxi* 

i 

IPbenyl  . 

Citric  Acid. 
Phenic  Acid. 

I 

C»H* 

CitnoQiiic  Add 

I 

0778 

(TW 

Oinnamyl  • 

Ciniuuxiic  Acid. 

I 

0-75 

•  • 

Tortrelic  Acid. 

I 

0-714 

BeDzrl  « 

Benzoic  Acid. 

0*6 

Off 

Pymmeconic  Acid, 

I 

1   ;  ; 

I      .  . 

\  WW 

Pvramucic  Add. 
Furfbiol. 

I 

0-571 

C7ff 

Salicylic  Add, 

Aconitic  Acid. 

• 

i    '  ■ 

Fiiniaric  Acid 
Malcic  Acid. 

1 

0-5 

Phtalic  Acid. 

'*CH» 

•  • 

Tartaric  Add. 
Tartrelic  Acid. 

Com  en  ic  Acid? 

I 

0*429 

V  V  A 

•  • 

Gallic  Acid? 

I 

CTff 

•  ■ 

Conionic  Acid? 

I 

0-143 

m 

C?ff 

1   :  : 

• 

Meconic  Acid. 
Chrysammic  Add. 
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Taking  into  miisiJenition  the  properties  and  the  composition  of  the 
compounds  iuiniLd  in  tliis  list,  we  seem  to  be  warranted  in  diawing  the 
following  conclusions : 

1.  That  carbon  acts  as  an  acid  radical ;  that  hydrogen  acts  as  a  haaic 
wfial ;  and  that  radicals  ooDtaining  the  two  elemeats  acfeas  add  or  basic, 
aoootding  as  the  carbon  or  the  hydrogen  eioeeds  a  cert^  proportioD. 

2.  That  the  compound  CH*  is  one  in  which  the  acid  piopertiea  of  the 
carbon  are  neutraliaed  by  the  basic  properties  of  l^e  hydrogen*  Thia 
compoond  is  ckfiant  goi^  called  by  Berzelins  das/t^  and  by  Qmelin  vme^ 
a  tenn  which  might  widi  oonFonienoe  be  translated  into  Vintl»  which 
tenn  I  propose  to  employ. 

3.  Compoond  radicals  that  contain  any  proportion  of  hydrogen 
grSaier  than  that  of  H*  to  C\  are  basic.  Those  that  contain  any  pro-' 
portion  of  hydrogen  to  than  that  of  H*  to     are  add,   Thns — 

O^H"   =  Myricyl  .    .    A  basic  radical. 
CH*      =  Vinyl*     .    .  Neub-al. 
C"H*   s=  Melissyl  .    .    An  acid  radical. 

Hence  the  basic  radicals  occur  in  the  alx)vo  list  before  Vinyl,  and  the 
acid  radicals  after  it.  I  speak  only  in  a  c^f'neral  sense,  and  do  not  mean 
to  gire  tn  this  obsm'ation  the  character  of  n  fixed  and  absolute  law.  But 
supfxising  the  law  to  be  only  ai>proxiDi  it-  ly  tnie,  this  list,  not\\'ith- 
Standing  its  iiTep;n1;^riti<"'s.  n>Rv  serve  in  oiL'  int'"  clieniistrv  tlie  same  pur- 
pose that  IV-rz^lius's  electnxjheniical  arrani^enient  of  the  elements  serves 
in  inorgiinic  cheniistrv",  nnnielv,  as  a  formal  guide  in  the  arrangement  of 
basic  and  add  radicals.  Not\vithstandin;r  the  irroqtilarities,  it  is  e\ident 
that  we  may,  with  ])ropriety,  decide  betwtt  n  an\  tw  o  radicals,  that  the 
one  which  contains  the  greater  ])ro]^)rtiou  of  li\  drogen  is  the  more  basic 
of  tlie  two.  According  to  this  rule,  methyl  is  more  basic  than  ethyl, 
ethyl  than  propyl,  propyl  than  amyl,  and  so  on,  through  the  whole 
rmxge  of  the  hydrocarbons.  There  are  exceptions  to  this  rule,  bnt 
peiSapa  not  more  than  oocnr  in  Berzelms's  electn>chemical  list  of  the 
demits.  It  is  a  great  {)oint  gained,  if,  setting  oxygen  aside,  we  can, 
6tom  the  mere  inspection  of  the  Iinnnla  of  the  hydrocarbons,  distingoish 
liie  basic  fiom  the  acid. 

The  present  unoertain  practice  of  chemists  in  thdr  dealings  with  salt 
wdiaila,  shows  the  necessity  of  adopting  some  dedsive  me^od  of  dis- 
tiiignlnhfaig  the  baac  tadicals  from  the  add.  When  Professor  Williamson 
diaoonrered  hia  compoond  ethen,  he  was  unable  to  name  them  in  acoord- 
nnee  with  any  commonly  nnderstood  fl^stetn  ;  and  consequently  he  gave 
to  each  compound  ct  miu  of  synoi^fmes.   Thus  the  oompoand  which 

contiined  ^j^a  0  was  allied  the  three  carbon  ether,  the  ethylene  of  methyls^ 

and  the  methylate  of  ethyle.  Now  upon  the  principle  that  we  have  just 
inid  4owni  methyl  must,  in  all  cases,  he  held  to  be  basic  ag^nst  ethyl, 
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the  relation  of  the  In-drogen  to  the  carbon  beinpr  ^  to  i  against  2^  to  i. 
Hence,  the  difficulty  of  naming  Uie  comjx^iind  is  avoided,  and  our 
memories  are  sjwed  the  infliction  of  useless  synonynies. 

It  would  he  easy  to  refer  to  innumerable  ex'^iTij^lcs  in  the  writings  of 
Gerhardt,  which  show  the  want  of  this  principle  of  ckissification.  He 
findjs,  fur  example,  a  compound  containing  beiiz}  !  and  acetyl,  w  iili  tliree 
atoms  of  oxygen,'  =CfH*-f  (7H*4-0*,  and  he  calls  it  acetic  beiuoaU 
or  bengoio  ooMbT  Again,  he  Bnds  a  simikr  compoond  oontaining 
acetyl  and  cmneiiyl  sC*H*4-(?*H"+0',  aod  he  is  anoertain  whether 
to callit ooflCie cumcnafs or ottmunb  ocsto^e.  Such  difficoltiefi are  imm^ 
diatelv  resolved  by  the  irde  that  has  be^  pfoposed,  according  to  which 
acetyl  is  to  be  considered  as  decidedly  b^c  towards  both  benzyl  and 
oominyl 

It  is  not  proposed  to  investigate  in  systematic  detail  the  proximate 
composition  of  the  compound  radicals,  Init  in  reference  to  the  question 
whether  owp-n  is  the  acidifying  principle,  and  to  one  or  two  doctrines 
that  de}K'iid  \i\m\  the  answer  to  that  question,  it  will  be  usetui  to  adduce 
a  few  special  illustrations, 

Beduction  of  Basic  Eadicals  to  Acid  Eadicals. 

A  remarkable  relation  exists  between  many  basic  radicals  and  add 
radicals,  taken  in  pairs.    Vinyl  =  CH*  being  the  point  of  neutrality, 

certain  bfi-^ic  radicals  taken  from  above  it  in  the  list,  are  related  to  par- 
ticular ;i(nl  i-adirals  taken  from  below  it,  the  difference  in  composition 
between  the  pair  being  that  of  two  atoms  of  hydrogen.    Examples : — 


BoiWi  Badicak, 

Add  R 

adkals. 

Methyl 

=  C  H> 

~H*  = 

C  IT 

Formyl. 

Ethyl 

=  C«H» 

-H«  = 

Acetyl. 

Propyl 

=  C»H^ 

-H«  = 

Propionyl, 

Butyl 

=  C*H» 

-H«  = 

(yw 

Bittyryl. 

Amyl 

=  CH" 

-H*  = 

C^H" 

Vnlonl, 

Myricyl 

-H«  = 

C~H»* 

xkleiiS4>yl. 

From  this  it  appears  that  a  Basic  Hydrocarbon — no  matter  what 
may  be  the  complexity  of  its  composition,  is,  according  to  theory,  con- 
vertible into  an  Acid  Hydrocarbon  by  any  process  whicli  withdraws  from 
it  two  atoms  of  hydrogen,  that  being  the  constant  difference  bet^^•e<•n  a 
basic  radical  of  the  kind  referred  to  and  its  corresjx)nding  acid  ru  lM  ;d. 

Is  this  theoretical  vision  practically  true?  Can  W'e  convert  a  l>iisic 
radical  into  an  acid  radiail  by  withdrawing  from  it  two  atoms  of  hydro- 
gen? If  the  ans^^  er  to  iluit  qm^tion  is  yes,  then  th(.'  process  of  acidifi- 
caLiuu — I  ain  speaking  of  the  acidification  of  liydrocai  bous  only — consists, 

•  Quarterly  Journal  of  the  Chemical  Society  (1832),  V.  227. 
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not  simply  in  the  addition  of  OTtjgen,  but  primarily  and  osscritially  in  the 
abstr'acft'on  of  tiro  afonus  of  hydrogen  from  the  com]>oniid  radical  that  is 
to  be  acidified.  The  an-^w  r  to  the  inquiry  is,  practiaiUy,  in  the  affirma- 
tive, a>  repirds  a  considerable  class  of  radicals.  Any  chemical  agent, 
or  even  a  plivsical  iig«-'i)t,  such  as  the  galvjmic  current^  which  can  sepa- 
rati^  from  a  basic  radical  of  the  kind  referred  to  two  atoms  of  hvdrr^en 
produces  an  acid  r*idical,  or  performs  the  essential  part  of  the  ojjeration 
wiiich  is  termed  acAdifioalion.  Oxygen,  therefore,  though  the  common 
agent  of  acidification,  and  chiefly  because  of  the  iiicility  with  which  it 
converts  two  atoms  of  hydrogen  into  an  fttom  d  water  and  so  removes 
diem,  is  not  essentially  the  acidifying  prindptei  Chlorine  can  be  made 
an  acidifying  ]jrincip]e;  the  galvanic-battery  can  be  made  an  acidifying 
prindple ;  for  both  can  separate  hydrogen  fiom  a  basic  radical,  and  so 
convert  it  into  an  add  radiod. 


Beduction  of  Acid  Badicals  to  Basic  Badicals. 

If  we  examine  in  a  cnreoiy  manner  the  composition  of  the  xadicals 
just  refened  to,  we  6nd  that  the  basic  radicals  appear  to  consist  of  a 
multiple  of  vinyl  —  GH*,  added  to  a  single  atom  of  hydrogen  =  H, 
while  the  add  radicals  appear  to  consist  of  a  multiple  of  vinyl  =  dP, 
added  to  a  sin^e  atom  of  formyl  =  CH.  It  follows,  that  if  we  can 
take  firom  an  acid  radical  a  single  atom  of  carbon  «  C,  we  can  destroy 
its  chemical  character,  and  convert  it  into  a  basic  ladicaL  Take  the 
caaes  just  dted : — 

Acid  Hadioals,  Basic  Badicals, 

Fomnvl     =CH  —  C=     H  =  H\dro<rf.n, 
Aootvl      =  CW  -  C  =  C  IP  =  i^I.  tlivi. 
Propionyl  =  CTl*  -  C  =  CW  =  Etln  f. 
Butyryl     =  C*H'  -  C  =  C^IT  =  Propyl, 
Valeryl     =  CW  -  C  =  C^H*  =  Butyl 

Hence  we  have  it,  theoreticidlyi  in  our  power,  by  an  alk-niato  a])strac- 
tion  from  a  radicfil  of  H*  and  C  to  Tiiako  it  alternately  ac  id  ov  basic, 
througli  a  regular  course  of  reductions  till  we  come  at  last  to  the 
elementary  basic  radical  H ;  for— 

Amyl      —  H*  is  Valeryl, 

Valeryl    —  C  „  Bntyl 

Butyl      —  H*  „  Batyryl. 

Baiyryl    —  C  „  Plropyl. 

Propyl      —  IP  „  PropionyL 

Propionyl  —  €  Ethyh 

Ethyl      «-  H*  „  Acetyl. 

Acetyl      —  C  „  Methyl. 

Mothvl     —  IP  „  Fomiyl. 

Fonuyl    —  C  „  Hydrogen. 
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Experimental  Beduction  of  Badicals. 

What  is  iieie  assumed  to  be  theoretically  jxissible,  can,  to  a  certain 
extent — I  do  not  know  to  how  liaiit<xl  an  extent — be  performed  ex|>e- 
rimentally.  Kolbe  has  shown*  that  by  tlie  electrolysis  of  a  valerianate 
«K,C*H"0*,  valeryl  =  H*  is  converted  into  butyl  =  C*H%  and  that  by 
the  electrolysis  of  an  acetate  =  K,C*H'0',  acetyl  «  C*IP  is  converted 
into  methyl  m  dP,  the  extra  atom  of  carboo  being  driven  off  in  the 
state  of  cazbonic  acid. 

Particolar  interast,"  says  Professor  Miller,*  "Is  attached  to  these 
researches^  owing  to  the  circnmstance  that  in  each  case  the  compounds 
obtained  by  the  electiolysts  beloDg  to  a  series  related  to  an  alcohol 
diflferent  inm  that  which  was  sabinitted  to  decomposition.  The  vale- 
rianic acid  thus  yields  an  ether  of  the  batylic  series ;  and  acetic  ackl^ 
which  is  a  derivative  of  wine  alcohol,  fturnisfaes  the  csrbo-hydrogen 
which  belongs  to  the  wood-spirit  series." 

Brazier  and  Gossleth  have  sin  )\nti'  tliatby  the  electrolysis  of  acaproate 
=  K,  C*H"0\  caproyl  =  C^H"  is  converted  into  an/vl  -=  C»H'\  and 
that  l)y  the  electrolysis  of  an  crnniithylate  =  K,  (7H**0*,  oenantiiyl  = 
<7H'*  is  converted  into  hexyl  =  C*H'*,  with  evolution  of  carbonic  acid. 

In  all  those  examples,  acid  radicals  are  reduced  to  basic  radicals  by  the 
abstni'^tion  of  C. 

Similar  transformations  can  be  eftert<xl  cliomically  :  as,  for  example,  by 
the  joint  action  of  lieat  and  fixed  alkalies.  Thus,  Trofn-^snr  Brodic,  by- 
heating  the  hydrat<i  of  myricyl  =  H,C*H"0,  with  lime  and  potash  con- 
vertcil  it  into  molissate  of  poci-^li  =  K,  C*H*0*,  in  which  process  the 
basic  mdical  C^H"'  loses  two  atoms  of  hydrogen,  and  is  reducRl  to 
the  acid  mdical  C"H^.  In  the  same  manner,  tlie  hydrate  of  ceryl  = 
H,C^'H**0  was  converted  into  eerotnte  of  pota-^h  =  K,  C*^H"0^  where 
the  radical  cer}  l  =  C*^H**  is  rrnluced  by  the  abstraction  of  H'  to  another 
radical  not  yet  named  =  C*^H".  Dumas  and  Stas,  by  acting  in  this 
manner  on  ethal,  or  hydrate  of  cetyl  «=  H,  C'*H"0  converted  it  into  pal- 
mitate  of  potash  s  K,  0«HW  where  the  mdical  cetyl  »  C'lP*  is  re- 
duced to  die  radicsl  pahnityl  s  C'W.  Li  all  these  examples  bairie 
radicals  are  rednoed  to  add  radicals  by  the  abstraction  of  H*,  This  pro^ 
cess  in  the  ordinary  language  of  organic  chemistry  is  called  *^  oxidation.*' 

The  Ketones. 

In  this  manner  also  the  KfrroNES  aie  prej>ar«l.*  lb  rr  ,  again,  we 
have  acid  radiails  reduced  to  basic  radicals  by  the  absti^tioa  of  C. 

*  Chemical  Soc  Quarterly  Journal,  II.,  1 57, 

«  Elements  of  Chemistry  *(  1856),  Part  II.,  iiao. 

*  Ch<'mical  8f  )c.  Quarterly  Journal,  III.,  3 10. 

*  Gmelin,  ^landboolc  of  Chemistiy,  VII«,  1^6* 
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Compounds  exposed  to  Heat   Compoumds  produced,  Contlant  ptvducL 

A.  K,C«  IP  0«  4-  K.C  =    C  H\  C*  W  0 

•    B.         H*  0«  +  K,C^     O*    =    e  I \\  C  O 

C.  K,e  IF  0«  4- K,e     0«    «    C»1F,  CMFO 

D.  H»  0«  +  K,C*  H"  0«    «  C*H»,C»H*0 

E.  K,(7H»<y4-K,C7H>0«    «  CTHSCH'O 

F.  K.C*H*'0»  H-  K.C^'W    =    CP  H^C^^O 

H.K,C*H»0"4-K,C«IP0»  «  C^IP.CIPOj 
In  mry  eiample  two  atoms  of  salt  are  decomposed,  because  the  car- 
booate  of  potash  to  be  produced  is  bibasic  s  KKOO*.  The  salts  are 
sufacDitted  to  diy  disttlktion ;  the  ketones  &jm  a  disttllate^  and  the  fixed 
eaiboDate  of  potash  remaiDs  behiad.  One  of  the  compoonds  loses  a 
am^  atom  of  carbon,  and  Is  thus  rednoed  firain  an  acid  radical  to  a 
basic  ladicaL  Three  atoms  of  oxygen  go  off  with  the  carbon,  leaving 
one  atom  with  the  ketone,  which  therefore  consists  in  each  case  of  an 
giiQjridiacd  basic  radical,  combined  with  an  oxidised  acid  radical,  con* 
stitnting  a  compoond  of  the  same  natore  as  the  compoond  ethers 
described  in  Group  5,  page  65. 

In  A.  Acetyl      =  C     is  reduced  to  Methyl   =  C  IP 

B.  Propionyl  =  Ethyl     =  CMP 

C.  Butyryl    «  C  H'  Propyl    =  CMF 

D.  Valeiyi    =  C'TP  Butyl     =  CMi» 

E.  Benzyl      =  , ,         Plienyl   =  €•  H» 

F.  Camphvl    =  C'H'^  Pelargjl  =  C"  H'' 

G.  Margaryi   =  C'H^       , ,         Cetyl      =  C'«H» 

H.  Valeryf     =      H*        , ,         Ikityl     =  C*  H* 

The  names  usually  given  to  these  ketones  are  as  fl)llow : — A ,  acetone. — ■ 
B,  ]>ropione. — r.]tiif\  rone. — P,  vnlerone. — E,  beuzone. — F,  cainpholone. 
— (},  martrnrnn.'.  — ii.  There  is  ii  (lifRcult}'  respecting  this  ketone,  because 
it  ia  unknow  n  wlietlier  the  atom  of  carlx)u  is  alxst meted  from  tlie  valer}'i 

CH 

or  the  acetyl.   Williamson  gives  the  formula    ,  f  CO,  which  admits  the 

lietone  to  contain  butyl,  methyl,  and  oxide  of  carbon,  a  conijxwition  that 
is  by  DO  means  prolxible.  Gerhardt  says  of  it,*  that  **  it  is  evidently  the 
laloide  of  methyl  or  the  acetylide  of  butyl,"  a  description  which  suffi- 
arnHy  shows  tlie  difficulty  of  choice.  However,  whether  this  particular 
ketone  is  to  be  written  CH*,CWO,  or  dP^CH^O,  the  result  is  the 
same  in  re|;ard  to  my  present  argument,  which  is  to  prove  that  certain 
add  radicals  can  be  reduced  to  basic  radicals  b^  the  abstraction  of  one 
atom  of  carbon. 


*  H  is  the  result  of  an  experiment  made  by  Professor  Williamson, 
t^uajterlv  .Tf>nrr.;il  Cliom.  Sor,  IV.»  239. 
'  Tnuui  da  (Jhimic  Ur^^ique,  II.,  6  jO. 
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The  Aldehydes. 

Experiments  of  a  character  precisel/  similar  to  the  foregoing  hare 
been  described  by  Limpricht  and  Ritter^^  in  reference  to  the  production 
of  the  class  of  compoands  called  aiM^ehs  or  Midea.  If  formlate  of 
lime  as  CSa,GHO*  is  heated  with  the  Ume-salt  of  another  add,  the  formyl 
is  decomposed.  Its  carbon  produces  cail)onic  acid,  and  its  hydrogen 
becomes  a^Music  radical  to  the  add  radical  of  the  other  salt  Thus— 

Ca,CHO^  4-  Cfe.CWO«  «  CbOa,  00^  +  H,  CWO 
Farmiate  of  lime,  JjoekUs  <^Umt>     CarbmudeitfUm*  Ald^^de* 

According  to  Bitter  this  redaction  of  fermyl  to  hydrogen  has  been 
eflfected  experimentally  with  all  the  following  com{x>aiKls : — 

Oa,CHO»    +   OB.OW<y    «  OaOa^CX)*  +   H.  CWO 

Propionate  of  Ikm,  Ptnpt/kddehyde, 

Ca,  CHO"     +    Ca,C*H»0«     ^  CaCa,  C0»  -f    H,  C^H'^O 
Valerate  of  lime,  VaUrddehyde, 

Ca,CHO^     4-    Ca,  CWO«    =     CaCa,  C0»    +    H,  (7H'»0 

Oenanthylate  of  lime,  Oenanthol, 

Ca,  CHO*     -f    Ca,  C«H'^0*    «     CaCa,  C0»    +    H,  C«H'*0 

Caprylate  of  lime,  Caprylaldehyde. 

In  all  these  ca;»es  an  acid  radical  is  reduced  to  a  basic  mdicai  by  the 

abstraction  of  C. 

This  evidence  to  prove  tlie  uxi^crimontal  reduction  of  compound  radi- 
cals from  acid  to  basic,  and  from  basic  to  acid,  by  the  alternate  alistrac- 
tion  of  C*  and  H",  has  b(vn  adduced  because  the  subject  does  nut  apjK'ar 
to  1)0  clearly  ap^Jieliend^tl  l)y  many  cliemist>i.  Even  Gmelin  advance's 
opinions  that  arc  in  some  respects  adverse  to  these  facts.  Thus,  in 
sjieaking  of  the  transformations  of  organic  compc^unds,  he  siiys,*  that 

they  may  take  place  by  the  complete  or  partial  abstraction  of  one  or 
more  constituents  (Cabboit  sxcsprED)/'  And,  again,  **  The  carbon  of 
an  organic  compound  cannot  be  remoyed  by  substitntion ;  for  this 
element  is  the  one  essential  prindple  of  organic  compounds ;  the  nombei^ 
of  its  atoms  determines  their  character,  and  no  other  substance  can  take 
its  place.  Without  carbon  nothing  oiganic  can  exist  I  Even  <Ae  i2mttittfiofi 
cf  the  nmtdmr  of  its  atoms  in  a  compound  would  immediately  remove 
that  compound  into  another  series,  and  alter  ita  character  entirdy." 

The  Vinyl  Series  of  Kadicals. 

It  would  tiike  me  too  far  into  details  to  enter  into  the  consideration  of 
the  traosformation  of  organic  radlcaU  geaeraily.  The  facts  that  I  have 

*  Qnnrterly  .hjurnal  of  the  Chemical  Society  (1856),  IX.,  |88. 

*  iiaadbook  of  Chemistry,  VIL,  71, 
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adduced  show  evidently  the  diBtinction  of  ndiotds  into  basic  and  add ;  how 
each  hind  can  be  converted  into  the  other,  and  how  totally  independent 
cf  meate  oaudation  is  the  tiiscrimination  of  radicals  into  these  two  classes. 

It  is,  however,  so  liigUly  interesting  to  obsers^e  the  relationship  of  the 
hydrocarbons  ono  to  another,  that  I  must  bring  forward  a  single  complete 
SERIES,  in  order  to  coUect  and  confirm  the  Saucta  which  I  have  biooght 
Sarward  in  defcaiL 

Mvrirvl 


C"H» 
C**H" 


H* 
C 
H« 
C 
IP 

c 
w 

c 

H* 

C 

H« 

C 

H« 

C 

H« 

C 

H« 

C 

H* 

G 

H» 

C 

IP 

C 

H« 

C 

H« 

C 

H* 

C 

c 

H* 

C 

IP 

0 


C»iP» 
C»»IP» 


Hydrate  of  myricyl 


Melissic  add 


Ceryl 


Margaryl 

Cetvl 


C'«H"  Pahnityl 
C'»H"       ,  . 

<?W»  Cocmyl 


Hydrate  of  oeryl 
Gorotic  add 


Behenic  acid 
Aiachidicadd 


add 


Stearic  add 

Margaric  acid 
Ethal  is  its  hydrate 
Palmitic  acid 
Palmitone 
Beuic  add 

^lyristic  acid 
Myriijtone 
Cocinic  add 
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Lautyl 


H* 

c 

('"II" 

H* 

C"H" 

c 

H' 

CH" 

C'"H" 

c 

C*H" 

H* 

CH'^ 

C*H" 

c 

CH" 

CH" 



C»H» 

c 

Cf  H" 

H* 

CH»» 

c 

CH" 

c 

CH" 

0^  ] 

CMP 

C 

C  >P 

CMP 

H' 

C*  W 

C*  H' 

c 

.  _ 

C"IP 

IP 

H' 

_ 

CMP 

C 

C  H* 

C*  H» 

H* 

C«H» 

C'H* 

C 

C'lP 

C  IP 

H« 

C'H' 

C  IP 

C 

Rutyl 

Pelargyl 
Octyl 
Cdpr}l 
Heptyl 
(Enanthyl 
Hexyl 
Gap^oyl 
Amyl 
Valervl 
Butyl 
Butyryl 
Propyl 
Propionyl 
Ethyl 
Acetyl 
^Methyl 
Formyl 


Laurie  a/ci4 
Laurone 
Maigaiitic  acid 

Rutic  add 

Pclarrronic  acid 
Capi)  lie  alcohol 
Caprylic  acid 
Castor  oil  alcohol 
(Enanthylie  add 
Caprolc  alcohol 
Oaproic  add 

Valerianic  add 

Butyric  add 

Propionic  add 

Acetic  add 

i  uruuc  add 


Hydrogen 

Commencing  with  a  known  radical  of  vriy  complex  constitution, 
myricyl  =  C^IP',  which  is  equal  to  30  atoms  of  Vinyl,  plus  I  atom 
of  hydrogen  :=  CH*  X  30  +  H',  tiie  Table  ahowa  the  entire  range  of 
radiods  which  would  be  produced  irom  the  original  complex  radi(»I  by 
the  alternate  abstraction  of  H*  and  until  the  compooenta  of  the  radical 
were  exhausted.  I  have  affixed  the  names  of  such  existing  compounds  as 
agree  with  the  successive  stages  of  this  redaction,  as  far  as  I  know 
them.  The  list  could  })robably  be  completed  by  a  aireful  examination  of 
known  organic  comjxjimds.  As  it  is,  we  perceive  that  this  purely  theo- 
retical abstract  accords  wonderfully  well  with  the  known  products  of 
ex])eriment:4U  invcstiirfUion,  The  radicals  are  basic  and  acid  alteniately. 
Out  of  30  acid  radicals  whicli  would  coiiiplote  the  list,  crrtainly  not  less 
than  23  are  known.  The  existence  of  tlu'  series  of  basic  radicals  is  not 
so  '"'vidcnt,  but  tiie  b:ises  have  not  been  so  can-lully  ItMykcil  lor  as  the 
acuU.  Near  the  lower  end  of  the.  Table  the  series  is  cuuiplftc,  and  in 
respect  to  these  lower  menibirs,  the  evidence  is  also  conclusive,  tliat  the 
acid  and  basic  radicals  can  be  experimentally  procured  from  the  radicals 
next  above  them,  by  the  abstraction  of  C  or  H*.  It  would  be  rash  to 
declare  that  this  is  the  case  throughout  the  series,  but  as  it  has  been 
proved  to  be  true  in  regard  to  myricyl,  to  oeryl,  and  to  cetyl,  as  well  as 
to  the  lower  members,  it  is  probably  true  of  the  whole. 
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It  woaldf  perhape,  be  possible  to  arrange  all  the  known  compound 
ladicak  in  a  kw  such  Tables  as  the  foregoing,  and  thus  exhibit 
their  mntnal  relationships  distingnish  the  memb^  that  are  known, 
and  mark  the  places  of  those  that  are  unknown.  Schedules  of  this 
sort  wouid  be  as  nsefiil  to  a  chemical  investigator  as  charts  are  to  a 
navigator. 

Some  of  the  direct  uses  of  this  Table  may  be  briefly  noticed : 

It  shows  the  principle  upon  which  any  basic  radical  can  be  reduced  to 
the  acid  radical  next  below  it  on  the  list,  namely,  by  the  abstraction  of 
H' ;  and  also  upon  wliich  every  acid  radical  can  be  reduced  to  the  basic 
ndical  next  b^ow  it,  namely,  by  the  abstraction  of  C*.  Of  ooturse,  in 
another  series  of  radicals  havuig  a  different  progression,  the  rate  of 
abstraction  of  C  and  H  would  be  difterent. 

Tlie  discrimination  of  the  radicals  is  sufticiently  clear  to  render  it 
onnece-^.irv  for  chemists  to  confound  with  one  another,  as  they  now 
fircqn^ntiy  do,  the  hy^ic  nnd  acid  nulicals  tliat  are  closely  related;  such 
as  projiionvl  ~  C^IP  and  propvl  =  CH';  butyryl  =  C*H^  and  butyl 
=  C*H»;  '(^proyl  =  C«H"  and  hexyl  =  C*H'»;  capryl  -  C"H'»  and 
oct^'l  ~  0"H'^  he.  If  wo  adi)}>L  radicals,  we  should  treat  thcni  fairly, 
and  Dot  call  s*>mf  of  tlieui  l)y  names  that  have  been  allotted  to  others. 

The  Table  supplies  short  answers  to  several  questions  that  an'  nitlnn* 
puzzliug  to  answer  if  you  object  to  believe  in  the  existence  of  compound 
radiails. 

W'hat  constitutes  an  alcohol? 

A  basic  radical  -!-  H'  4-  OK    Example ;  H,CTPO  =  alcohol. 
WTiat  constitutes  an  aldide  ? 

An  acid  radical  +  H'  +  O'.    Example :  B,(?HK>  =  aldehyd. 

What  consitates  an  ether?   

Two  basic  ladicsls  of  the  same  kind  +  0^  Example:  <7H%C^0 
-  ether. 

What  oonatitates  a  compouid  ether? 

Two  basic  radicals^  one  containing  CH*  less  than  the  otiher  4*  0*. 
Example:  GH%C7HK>  »  eihylate of  metliyl. 
What  ooostitateB  a  ketone? 

An  add  radical  +  a  besiG  radical,  containing  C  less  than  the  acid 
mdidl  ^  O*.   Example :  CH*,€WO  »  acetone. 

What  constitutes  a  hydrated  organic  acid  ? 

An  acid  radical  4-  H'  +  0*  (sometimea  O*  or  more).  Example : 
H,C*H»0*  «  hydrated  acetic  acid. 

What  constitutes  an  anhydride  or  anhydrous  organic  ack!  ^ 

Two  acid  radicals  of  the  same  kind  +  O*.  Example :  C"H',C'U'0' 
s  anhydrous  acetic  acid. 

What  constitutes  a  cnnipoun<l  anhydride? 

Two  different  acid  nulicals  -f- 

What  oonstitates  an  organic  salt? 

G 
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Olio  acid  radical  -f  one  baste  radical  4>0*  or  0*.  Example :  C*H% 
CHH)'  «  acetate  of  batyi. 

The  Model  of  Water. 

Lt;t  us  return  for  a  inoniont  to  the  question  of  the  constitution  of 

water.  Is  it  or  U'O,  or  ^O,  or  U+HO?  See  page  31.  The 

evidence  that  has  been  adduced  in  hiraar  of  the  ezisteaoe  of  oompoiiiid. 
radicals,  and  ezplanatoiy  of  their  modes  of  oombinatioD,  is  deddedlj  in 
fimmr  of  the  last  of  these  fermols,  H+HO.  Water  differs  in  no  xespect* 

physically,  from  the  gaseous  compounds  of  the  fourth  groap — ^the  ethers 
or  dioxides  of  radicals.    It  contains  two  rsdicais;  its  atomic  meaame  is 

two  volumes ;  its  radicals,  when  isolated,  measure  each  one  volume ;  it 
contiiins  one  volume  of  oxygen,  which  adds  nothing  to  its  atomic  mea- 
sure. It  is  readily  divisible  into  hydrogen  =  H  oxid*^  of  hydrogen 
ta  HO,  botii  of  which  enter  largely  into  orgaiuc  antl  inorganic  salts.  In 
short,  it  may  Im*  taken  aa  the  model  of  a  salt  consisting  of  two  radicals, 
with  one  atom  of  oxygen.  There  is,  I  think,  nothing  to  ho.  saiil  in 
favour  of  the  other  formuke  at  all  approaching  in  furoi  to  the  jx>sitive 
evidence  in  hvcm  id  the  fbrmda  H4.HO. 

As  water  is  undoubtedly  the  equivalent  of  the  metallic  protoxides, 
such  as  anhydrous  lime,  every  argument  that  can  be  urged  to  show  that 
the  formula  of  water  is  H,HO  serves  equally  to  show  that  the  Ibnnnla  of  a 
metallic  protoxide  is  M,MO.  and  theformnle  of  the  corresponding  hydrate 
either  M,UO,  or  H,MO.  Which  of  the  two  latter  is  the  proper  formula  ? 
is  1  qn  stion  that  presents  some  dilTicul^,  not,  indeed,  as  respects  the 
hydrates  of  the  metallic  protoxides,  but  as  respects  the  hydrates  of  com- 
pound radical??.  I  do  not  hesitate  to  write  CaHO  for  hycir.iti'  of  lime, 
l)ecause  I  consider  liydrogen  t^)  be  an  acid  nodical  tigainst  calcium,  but  if 
I  am  to  write  a  lorrnula  for  alcohol,  I  hesitate  to  write  C*H*,HO,  because 
I  consider  hydrogen  to  iiave,  more  than  any  hydro-ciirl  mjd,  the  nature 
of  a  basic  radical,  ;uid  for  that  reason  I  would  write  the  formula 
H,C1P0.  This  practice  I  would  genomlise,  considering  li  to  be  an  acid 
radical  against  any  metal,  and  a  basic  radical  ag^st  any  hydro- 
carboD. 

The  reason  that  I  object  to  the  triangukr  formnlse,  by  which  Mr. 
Gerhaidt  and  Professor  Williamson  indicate  the  salts  that  are  formed  00 
the  modd  of  water,  is  now  evident.  I  consider  all  such  compounds  to 
be  binary f  and  that  for  binarif  compowidB^  Umary  fonnuhB  are  im- 
proper. 

For  the  same  reason,  I  do  not  concm*  in  Professor  Williamson  s 
opinion,  tliat  most  salts  can  be  designated  Tiy  forniula'  fbimed  on  the 
model  of  the  formula  of  watc^r   Of  the  eleven  groups  oi  salts  descrilied 
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between  pegee  64  and  68,  only  the  third,  fourth,  fif^h,  and  tenth  groape 
tn,  ID  ray  opinioo,  formed  on  the  model  of  water.  The  other  groujM 
cannot  be  fairly  reduced  to  that  form.  Water  consists  of  one  oxidise<l 
n^lical  and  another  radical  not  oxidised ;  whereas  the  radicals  of  the  great 
majorit}'  of  s;ilt6  iire  either  not  oxidised  at  all,  or  are  both  oxidis<xl.  Of 
the  12 1  binary  compounds,  gsiseous  in  two  volumes,  described  in  these 
elovr-n  groups,  35  only  are  formed  on  the  iii'kIpI  of  water,  and  86  on 
other  models ;  and  even  of  tliose  which  are  formed  on  the  model  of  water, 
n.iraelv,  those  which  contain  a  single  atom  of  oxygen,  the  evidence  is 
stzoogiy  in  &vour  of  the  view  that  their  cuu;>utution  Ls  Onuirt/  =  M+MO, 

M 

ffid  not  ternary  =  ^O. 

Professor  Williamson's  views  on  this  subject  are  explained  in  his 
Paper  on  the  Constitutioii  of  Salts.'  It  is  uniiecessary  to  eximiine  his 
iHiHtrations  in  tletail,  because  my  general  objection  a]>{)hes  to  tlie  whole 
of  them.  In  the  following  examples,  the  separation  of  a  certain  quantity 
of  oxygen  from  the  rest  of  it  is  arbitrary  and  incapable  of  demonstration, 
as  is  also  the  proposal  to  consider  the  compounds  CIO,  CIO*,  and  ClO^, 
lo  be  each  equivalent  to  one  atom  of  hjdtogcn^  and  the  oomponnd  SO" 
to  be  eqttindent  to  H',  K*,  and  HK:  The  rancttoii  of  oxjrgen  in  salts  is 
ignoied  in  tbese  aesnmptions.  That  element  is  never  the  eqoivalent  of  a 
ndical,  and  all  fonnube  in  which  oxidised  compounds  are  represented  in 
tiie  equivalents  of  single  volomes  of  bjdrogen  are,  in  my  judgment,  con- 
fltnicted  on  an  erroneoos  principle.  Equivalents  most  be  sought  for  in 
the  radicals  alone,  independent  of  theur  oxygen. 

Examples  of  iWesaor  Williamson's  foimuls : — 


^*0b  Sulphuric  add. 

SO,^  Neutral  sulphate 
K«^'  ofpolash. 

SO,^  Add  sulphate  of 


^^^^O    Chlorous  add. 


Chloric  acid. 


According  to  the  radical  theory  these  salts  would  require  the  ibliowing 
fixmulK: — 


HSO*        Suljihuric  acid. 
KSO*        Sulphate  of  jwtash. 
KSO«-fHSO«  Bisulphate  of  potash 


HC10«    Chlorous  arid. 
HCIO*    Chloric  acid. 
HCIO*    Perchloric  acid. 


In  all  cases  of  double  decomposition,  the  sulphur,  or  acid  radical,  and 
att  the  oxjrgen  of  these  salts  go  together.  There  is  no  evidence  to  prove 


'  Quarterly  Journal  of  the  Chemical  Sodety  (1852),  iv.  350. 
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tliat  such  a  division  of  the  oa^gen  takes  place  as  the  triaDgalar  fonnuks 

show  ns. 

Profesor  Williamson  has  rwentlv  sonicwliat  changed  his  views 
rpsppctiiig  the  formiihp  of  tlie  siilpliates,  aud  I  sliall  refer  to  his  latest 
O])iiiioiis  wlicn  I  come  to  discuss  tin  <|ue??tion,  wlK'tlif^r  sulphuric  acid  is 
bibasic  or  monol^nsic.  But,  before  i  tjiiit  tho  "  niudel  of  water,"  I  miLst 
copy  a  few  fashionable  forniul®  to  show  to  wliat  extent  that  unfortunate 
model  has  been  recently  tormented,  and  what  strange  varieties  of  &q* 
tasdc  aspect  the  triangolar  formulae,  on  the  model  of  water,  are  made  to 
assume. 

Gerhaidt's  Snodnate  of  metihylo-salicyl,  or  oiide  of  snccinyl  and 
methylo^icyl." ' 

Odling's  bichromate  of  potash: — * 

OA"  Cr.o;  cr,o;'  I 

2K'     2K'     Cr,0,'  i 
H.  L.  Bull  s  succinic  add : — * 


H«  Im  BaSTsi  sucdnamide. — * 

H 
H 

ia(CA)o, 

H 

H 


-I 
-I 


The  dense  clouds  of  philosophical  mist  wliich  hang  over  these  vast  and 
intricate  edifices  prevent  my  s**eing  their  relation  to  the  mfxlel  of  water, 
and  T  ninst  refer  the  reader  who  wishes  to  understand  them  to  the 
desciiptioiis  given  by  their  reisjjective  arciiiiects— descnptioDS  which 
appear  to  me  to  be  particularly  difficultly  inteJhgible. 


The  Construction  of  Formulae. 

It  may,  perhaps,  Ix?  not  out  of  place  here  to  make  a  few  remiu-ks  re- 
specting symbols  and  formuke.   It  should  be  adopted  by  chemists  as  an 


'  Quar.  J.  Chem.  Soc.  (1855),  vH.  62.  *  Ibid.,  page  12. 

■  Conmiunicated  to  the  Royal  Society  by  Professor  A.  W.  Uoimauu, 
June  10,  1856,    Proceedings  Roy.  Soc.,  viix.  195. 


uiyiii^ed  by  Google 


THE  OONSTBUCnOH  OF  FOBMULfi.  85 

infif»xible  nile,  to  use  no  lett^Ts,  figures,  or  other  symbols  in  writing  for- 
muhi?,  I  Hit  i>uch  as  caxi  he  printed  by  the  types  coinnionly  kejit  in  cverv 
printing  office.  There  should  be  no  crosatKi  letters,  aiid  no  brackets,  or 
copulae  tluit  require  an  unusual  descrijjtion  of  ty}M>. 

The  theory  of  the  constitution  of  the  salts  which  I  have  advocated  in 
thit  Bssay,  namely,  that  eyery  salt  consists  of  two  radicals,  simple  or 
oompoand,  oxidised  or  not  oxidised,  is  one  that  kads  to  a  simple  aiul 
vegaiar  melliod  of  writiiig  formuliie.  For  example,  the  benzoate  of 
methyl  contains  the  two  nidicals  benzyl  and  methyl,  combined  with  two 
atoms  of  oxygen.  We  may  otmsider  the  two  radicala  to  be  each  com- 
bined with  one  atom  of  oxygen,  and  may  represent  the  salt  as  a 
combination  of  the  two  oxidised  radicals  ClfO  -4-  C7H*0 ;  but,  con- 
sidering that,  in  cases  of  double  decomposition,  the  division  of  the  com- 
P'  >Tient,>;  of  this  salt  seems  to  take  place,  not  where  the  sign  4-  is  plac  ed, 
in  the  above  formula',  but  in  the  following  manner:  CH" -f- 0,(j^ll''O, 
so  that  all  the  oxygen  apj>ears  to  go  with  tiie  acid  radical,  it  is  expedient 
iu  this  and  all  cams  of  oxidised  salts,  to  jnit  the  whole  of  the  oxygen 
tx?ether  at  the  end  of  the  formula,  thus :  CH^C''H*0^  We  have  her«? 
distinctly  placed  before  us  the  two  acting  substances  of  tlie  salt;  first, 
the  basic  radical,  and  next,  the  add  radical,  while  the  subjunctive  oxygen 
is  thrown  to  the  end.  It  is  not  to  be  nnderatood,  from  this  pro]>u.>aI, 
that  I  wish  it  to  be  considered  an  ascertained  fact,  that  in  eyeiy  salt  the 
od^gen  is  whoDy  combined  with  the  add  radical  It  may  be  so,  but  we 
have  no  proof  that  it  is  so,  and  I  do  not  pretend  to  decide  this  difficult 
qoestion.  The  proposal  to  indicate  all  the  oxygen  in  one  som  is  simply 
to  give  regularity  to  the  formula,  and,  as  I  shall  show  presently,  to 
fiuaiitate  the  construction  of  a  systematic  nomenclature. 

When  there  are  several  radicals,  as  in  all  cases  of  compound  salts,  thev 
are  to  be  written  in  a  stniiiht  line,  separating  them  from  one  another  by 
a  comma,  and  placing  a  semicolon  before  the  acid  radical.  Thus — 

Ka,(7H*;         .   .   .   Sulphite  of  aoda and  vateiyl- 
Ag,  C^\H ;  OWf,   •  Add  ethylomeoonate  of  silvor. 

This  method  of  writing  formulas  is  equally  applicable  to  the  salts  of 
inoiganic  radicals.  Thus,  the  sulphates  are  MSO^  the  oxalates  MGO*, 
the  carbonate  M,M;  CO*,  the  nitrates  MNC/,  &c. 

It  does  not  appear  to  me  to  be  atb  i^nble  to  adopt  abridged  symbols 

for  the  hydrorarV)on  radicals,  such  as  £t  for  ethyl,  A  for  ar  tir  arid,  and 
the  like.  The  Ml  symbol  for  such  compounds  is  only  C'"H",  so  tliat 
little  is  gained  by  abridgment,  while  we  lose  the  impnrtiint  advantage 
pr»'S«='nt»^l  to  the  eye  by  the  factors  which  belong  to  the  full  symbols. 
One  need  rot  *>l'iV'ct  to  Cy  instond  of  ON,  bfcanse  it  dfX's  not  tax  the 
memory,  but  the  symbds  ot  the  ba^iic  and  aod  radicals  should  never  be 
abridged. 


(   86  ) 


Systematic  Xoiucnclatuie, 


I  have  defined  a  salt  to  be  a  oompotmd  of  two  radicals,  simple  or 
compound,  with  or  without  cfxygOL  I  proceed  to  sUmom  in  what  manner 
«uch  compoonds  can  be  provided  with  simple  and  accniate  namea. 

The  name  of  each  salt  is  to  oonsist  of  two  words,  the  first  of  which  is 
to  designate  the  basic  radical,  and  the  second  to  designate  the  acid 
radical,  and  to  specify  the  number  of  atoms  of  oxygen,  if  any  is  present. 
The  names  of  simple  radicals  ate,  of  oonxae,  to  be  toe  names  of  dements 
or  some  convenient  abridgments  of  them,  such  as  I  have  proposed  £ar 
consideration  in  the  last  o)lnmn  of  the  Table  at  page  38.  The  names 
of  compound  radicals  of  the  hydrocarbon  series,  may  be  such  words  as 
etliyl,  acetyl,  and  benzyl  Of  these  there  must  be  one  for  (  very  hydro 
carbon  known  to  eadst.  In  the  sdection  of  such  names,  it  is  advisable 
to  av<Md  those  which  indicate  numbers :  trityl,  octyl,  and  tlie  like. 

The  atoms  of  oxygen  are  to  be  indicated  by  a  change  in  the  termina- 
tton  of  the  name  of  the  acid  radical  of  each  salt  The  numerals  wbidi  I 
propose  for  this  purpose  are  as  follow 


16  abaze. 

17  abese. 

18  abize. 

19  aboze, 

20  abuze. 


1  ate.  6  aze.  11  abate* 

2  ete.  7  eze.  i2  abete. 

3  ite.  8  ize.  13  abite. 

4  ote.  9  oze.  14  abote. 

5  ttte.  10  uze.  15  abute. 

This  systoni  is  buiiiciont  tor  nil  compounds  thai  consist  of  two  radicals 
ill  combination  with  oxygen  ;  bnt  in  order  to  provide  names  lor  com- 
|X)unds  that  contahi  more  than  two  radicals,  iind  for  those  which  contain 
no  oxygen,  it  is  neces.sirv  to  provide  terimnal  immeriiis  whicli  arc  to  be 
used  for  radicals  only,  and  are  nut  to  indicate  oxygen.  I  pro^Xjse  the 
following 

1 1  aban  or  abane. 

I  2  nhen  abene. 


1  a,  an,  or  ane. 

2  e,  en,  ene. 

3  i,  in,  ine. 

4  o,  on,  one. 

5  u,  un,  line. 

6  ad  or  ado. 

7  cd  ede. 

8  id  ide. 

9  ud  ode. 
10  ud  ude. 


13  abin 

14  a)>on 

15  abun 

16  abad 

17  abod 

18  abid 

19  al  >od 

20  abud 


abino. 

abone. 

abiine. 

abadt'. 

alxHiv. 

abide. 

alxKle. 

abude. 


It  does  not  appear  to  be  e]q)edient  to  provide  names  to  indicate  nmn- 
bvra  above  20^  because  they  would  be  rarely  used,  and  fiom  want  of  use. 
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tlieir  mgnificance  would  The  sjrstem,  however,  is 

capable  of  application  to  oompoimds  with  high  numheis  of  atoniB,  if  it 
is  oooaidered  advi.sal)k'  so  to  apply  it.  We  should  have  mereljr  to  chssge 
the  consonant  of  the  syllable  ab^  and  thus  provide  a  series  of  numbers  for 
(he  lens  up  to  icx>: — 


10  ab. 
20  af. 
30  ak. 


40  al. 
50  am. 
60  au. 


70  ap. 
80  ar. 
90  av. 


Such  of  the  ekments  as  give  two  radicals  already  passess  characteristic 

t<»rminations — ous  and  ic,  which  must  not  be  displaced  by  the  numerals. 
See  the  tiible  of  elements  at  pnrre  28.  1  propose  to  insert  the  numerals 
between  the  root  of  each  name  and  its  terminal  ous  or  ic.  Thus:— 

FeiraQOCis  »  Ferr-an-oos  b  one  iertous  atom. 
Ferrinic    s  Fenr-ln-ie    s  three  ferric  atoms. 

But  when  nnlv  one  at^)m  is  spoken  of,  tl»e  numeral  may  in  all  ordinary 
caaes  be  omitted,  and  without  causing  any  doubt  to  arise,  we  may 
say — 

Ferrous  ,    ,    for  one  ferrous  atom. 
Ferric    ,    .    for  one  ferric  atom. 

In  some  compound  Words  it  may  be  proper,  for  the  sake  of  brevity,  to 
omit  the  terminal  ous,  but  the  same  liberty  must  never  be  tiken  witli 
the  terminal  ic,  otherwise  the  distinction  between  £he  two  kinds  of  radi- 

ails  woTild  Vh'  lost. 

When  sjx-aking  in  a  general  sense  of  the  non-oxidised  salts,  i  propose 
to  use  the  termination  atte,  as  in  the  following  examples : — 


JPreama  Names. 

Flnoffides  or  hydroflaates 

Chlorides  or  hydrochlorateB 
Iodides  or  hydriodates 
Bromides  or  hydrobromates 
Sulphides  or  hydrosulphatea 
Phosphides  or  ]>hosphuretS 
Carbides  or  carburets 


Prppoaed  Names, 

s  Fltionoies, 

s  Chlonues. 

s  lodanes. 

s  Bromanes. 

B  Sulphanes. 

s  Phosphanes. 

s  Garbanes. 


But  in  speakmg  of  individnal  oomponnds  of  ihia  kind,  I  prefer  the  use  of 
tile  texminatioii  a.  Thus: — 


Muriatic  acid  =  HCl 
Chloride  of  sodium  =  NaCl 
Sulphuret  of  pt^tassium  =  KS 
Fluoride  of  uUuum  =  CuF 


Hydra  chlora. 
Natra  chlora. 
Potassa  sulpha. 
Calca  Huora, 
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The  fdbwing  eiamples  show  the  rdation  of  the  names  required  ioft 
oadiaed  salts  to  those  required  £>r  non-oxidised  ealts 

Hvdroclil(M-ic  acid       =  HCl        =  Hvdm  clilora. 
Hydmted  cliloric  acid  =  HCIO*    =  Hjdra  cliloritc. 

Chloride  of  barium  =  Ba('l  =  Baryta  chlora. 

ChloiBte  of  baiytes  «  BaClO*      s  Baryta  chl(Mrite. 

Sulphuretted  hydrogen  s:  HS     a  Hydra  sulpha. 
Hydrated  solphtiric  add     HSO*  s  Hydra  sulphete. 

Siilj  l  irot  of  iron       =  FeS        =  Ferrous  sulpha, 
Pi  viLosuiphute  of  iron  =  FeSO"     =  Ferrous  sulphete. 

Hydrocyanic  acid      =  HCy       «  Hydra  q^ana. 
Hydrated  cyanic  add  :=  HCyO    »  Hydra  cyanate. 

Cyanide  of  potassium  a  KCy      s  Potassa  qrana. 
emanate  of  potash      ss  KCyO    «  Potassa  cyanate. 

To  denote  water  of  ckystallization^,  T  projwse  to  abridge  the  term 
aqua  to  AQU,  and  to  add  the  terminals  of  the  oxygen  series.    Thus ; — 

Aquate  will  signify  one  atom  of  water. 

Aquete  two  atoms  „ 

Aquite  three  atoms    „  i 

Aqueze  seven  atoms 

Aquabete  twelve  atoms 

The  names  which  this  system  provides  for  the  oigsnic  compounds  of 
the  eleven  groups  described  between  pages  64  and  68,  are  as 

follows : — 

First  group,  page  64,  the  names  given  in  the  list  may  remain  as 
they  are  written,  or  the  te  rminal  a  may  be  added  to  each  word,  so  as  to 
produce  Etiiyla  butyla,  &c. 

Second  group^  p.  65,  the  hydrides ; — 

H,CH^  Methyl  hydride  «  Hydra  methyla. 
HX^^H*  Benzine  =  Hydra  phenyla. 

H,C^^Tolaine  »  Hydm  toluioiyia. 

Third  group,  p.  65.  The  alcohols  and  the  aldides.  In  this  case  we 
have  to  indicate  one  atom  of  oxygen,  for  which  purpose  the  add  radical 
must  have  the  termination  ate : — 

H,CH"0  Methvlic  alcohol  =  Hydra  mcthvlate. 
H.CH^  Aidehyd  =  Hvdm  ao  tviatA?. 

H,C*irO  Alcohol  «  Hydra  ethylatt;. 

It  is  useless  to  quote  more  eiamples,  because  the  names  would  all  be 
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as  recruhr  as  the  fonnulse,  which  caonot  be  said  of  the  names  that  appear 
ill  fa^K'  65. 

fuiu'th  [/roup,  p.  66.    The  ethers : — 

C"H\(^IPn  Ether  =  Ethyla  ethylate. 

AbCH«, AdC*U*0  Qsde  of  cacodyl  =  Gaoodyla  caoodylate. 

Fifth  group^  p.  66,    Compound  ethers  and  ketones : — 

CIP.CH^O  Acetone  =  Methyla  acetylate. 

CH%eH^n  Ktlivlate  of  methyl  o  Methyla  ethy late. 
C*H^C*H'U  Butyrone  «  Propyla  butyrylafce. 

The  third,  Ibiirtfa,  and  fifth  groops  aie  named  in  a  simUar  iDaiiner» 
become  their  coDstitotlon  ia  simSar — 

Alcohol  »  H,    C«H*0  =  Hydra  ethylate. 

Ether  «  C^H'^CHH)  b  Ethyla  ethylate. 

Ethytsteofmeliiyl  »  CH*,CH*0  »  Methyla  ethylate. 

Th»\><^  evidently  all  l)e!riTin:  to  the  class  of  ethylates,  ami  diiVer  from  one 
ioatlier  only  in  their  Ian  rafliral.  The  non-volatile  substance  called 
potassiiun  alcohol,  belongs  to  the  same  class,  K,(7U*0  s  potassa 
etliylat»^. 

The  })revaleiit  theory  o(  chemistry,  and  the  prevalent  ])rejudices  of 
chemist*?,  are  oj)jX)S«.Hi  to  the  adoption  of  siilts  which  cuiitain  only  a  single 
dtum  of  oxyg«'n  for  divisi(;n  U-twoon  "  the  base  "  and  "  the  acid,"  but 
soch  saltii  nevertheless  exist  in  abiin  l  iiK  and  iimst  eventually  be  gene- 
rdly  recognized.  These,  indml,  are  thi'  tnie  salts  on  the  *'  mo(lel  of 
water."  Attempts  to  graft  on  this  niodel  salts  that  have  more  than  two 
ladicals,  or  more  than  one  atom  of  oxygen,  are  mere  delusions. 

The  ketones  described  at  page  77  belong  to  this  order  of  salts,  and 
most  be  named  aooordingly  ^-^ 

Acetone  CW,(?WO  =:  Methvla  nrotv|fit(\ 

Propione  C*  H*  ,C*  H*  O  =  Ethyla  pi\  i   n  \  I  ate. 

Batvrone  C      ,C      O  =  iWpyla  Initvryiattf, 

Vai.  ruue  O  H'-*  ,C'  H»  O  =  But\'la  valervlate. 

Benzone  ,C' O  =  Phenvla  benzvlate. 

Campholeue  H'',C'"H'^0  =  Pelargyla  camphylatc. 

Margarone  C''H",C»'ITO  »  Cetyla  margarylate. 

H.  C*IP,C"IPO  =  Butyla  acetylate. 

^^'urth  group,  p.  66.  Hydntrd  orrnmic  acids.  In  this  group,  two 
atoms  of  oxygen  have  to  be  indicated;  which  requires  the  terminal 
cte: — 

n.rH(y  Hydrated  formic  acid        Hydra  formylete. 
WSyWCf  Hydrated  acetic  acid      =  Hydri  rtc(>tylete, 
H,<7HH)*  Hydrated  benzoic  add  «  Hydra  beozylete. 
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When  a  hydrated  acid  becomes  a  salt,  the  bikiic  hydrogen  is  replaced 
by  a  basic  radical,  the  name  of  which  takes  the  place  of  the  word  hjrdra, 
while  the  name  which  indicates  the  acid  part  of  the  aalt,  and  ennmentes 
the  oiygen,  remains  luchanged,  as  is  shown  by  the  nest  group. 

Seventh  group,  p.  66.  Oig^nic  8altB»  in  which  both  (jf  the  radicals 
aie  oompotmd,  and  in  which  there  are  two  atoms  of  oxygen  i — 

CH*,GHO^  Melliyl  formiate  »  Metbyla  ^nrmylete. 

ClPyC^IPO^  Methyl  acetate  s  Methyla  acetylete. 

CIP,(7HH3^  Methyl  benaoate  s  Methyla  benzylete. 

GH*  Methylal         s  Methyla  ethylete. 

Eighth,  groupf  p.  67.    Nitrites  : — 

C^',NO*  Kitrobenzid,  or  nitrite  of  phenyl  =  Phenyla  nitrete. 

Jfmth gtmgpf  p.  67.  Hakads^— 

OH",Cl  Chloride  of  aoet)rl  s  Acelyla  cUonu 
CH^fiy     Cyanide  of  methyl       a  Methyla  cyana. 

Tenth  groups  p.  68.    Oxychlorides : — 

(7H*,C10  Chloride  of  Ix^dzoHo  =  Benzyla  chlorate. 
C^'yClO  Oxychloride  of  acetyl  a  AoetyJa  chlorate. 

Ehwnth  gron^f  p,  68«  Misogllaneons  compounds,  containing  thrpe 
atoms  of  oxygen.  The  add  radical  lequixea  the  terminal  which 
signifies  three  atoms  of  oxygen * 

CWf^BK^  Anhydroos  acetic  add   s  Aoetyla  acetylite. 
CVfiWCy  Anhydrous  btiiyric  add  =  Bntyryla  batyiylite. 

The  nature  of  these  anhydrous  adds  will  be  discussed  under  the  head 
of  "  Anhtbridbb." 

C^*,eH*;  ay  Carbonate  of  ethyl  =  Ethylene  car>iito.  The 
termination  ene^  in  the  word  ethylene,  shows  the  salt  to  be 
bibasic. 

(?B?jCm*;  8Kf  Snlphite  of  eUivI  «  Ethylene  solphenite.  In 
the  last  word  the  syllable  en  in<iiGates  two  atoms  of  sulphur,  and 
the  syllable     three  atoms  of  oxygen. 

CH^,NO^  Nitrate  of  methyl  »  Methyla  nitrite. 

Examples  of  the  application  of  this  nomenclature  to  other  more  com- 
plex substances  than  those  named  in  the  above  groups,  will  be  given 
when  the  formtiln  of  these  compounds  are  explained. 

In  the  designation  of  double  salts»  I  propoiie  to  expron  the  phrase 
**amikiMd  teith  "  by  the  Latin  word  cum. 
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The  Doctrine  of  Ciiemical  Types  and  Substitutions. 

To  illaslzate  the  subject  of  Ttfes  and  Substitdtioits,  I  take  the 
caEBmpIe  that  was  first  used  by  Dmnaa  in  derdoping  hia  theory,  and 
afterwatds  by  Beraelmam  his  critical  condeamation  of  tliat  theory.  Here 
is  the  acconnt  given  by  Berzelius : — 

•  **  To  give  an  idea,"  says  he,*  "  of  the  views  of  atomic  composition 
which  arise  kom  the  theory  of  chemical  types,  I  will  quote  an  example 
given  by  Dumas  of  the  chemical  tyipe  to  which  the  oil  of  bitter  almonds 
belongs,  rcprcj^ntcd  by  the  chemical  formulae  required  l)y  this  thoor}%  in 
which  tiie  oloments  that  play  the  same  part  are  placed  vertically  the  one 
above  the  other — 

1.  Od  of  bitter  ahcDQiids  O*  U* 

2.  Binacicliloride  (cliloride)  of  benzoyle  C'*<^j  >0' 

3.  Bensttcadd  ^*|ol^ 

{H*i 
S  I  ^ 

**  Amongst  these  very  different  compounds,  the  rational  composition  of 
wiiich  is  expressed  the  names  here  employed,  it  is  not  only  presnmcKl 
that  chl'»rine,  sulphur,  and  oxygen  ])lay  the  same  poi-t,  hut  that  this  is 
likewise  tiic  rase  with  hydrogen;  they  ure  therelore  suj)posed  to  occupy 
the  smui-  {jt>sition  as  one  ecjuivalent  of  hydrogen  in  the  oil  of  bitter 
almonds,  or  in  thuir  prototype.  The  fifth  exam])le  presents  the  most 
remarkable  circumstance,  that  the  same  sjMice  whicii  in  oil  of  bitter 
almonds  is  occupied  by  i  equivalent  of  hydrogen,  suffices  not  only  for  2 
equivalents  of  hydrogen,  bat  in  addition  for  i  equivalent  of  nitrogen. 
The  mechanical  im|)ossibility  is  no  obstacle  to  this  theoiy,  and  the  snp- 
porteiB  of  metalepsy  find  no  difficulty  in  rq>lacing  an  equivalent  of 
nydrogoi  by  4  atoms  or  equivalents  of  oxygen  and  i  equivalent  of  ni- 
tn»en,  or  by  3  atoms  of  Qxyg^  and  i  atom  of  sulphur.'* 

It  is  a  proof  of  the  soundness  of  the  theor)'  which  I  am  advocating, 
that  it  is  able  to  clear  up  readily  a  point  which  for  years  served  as  basis 
for  a  controversy  between  two  such  chemists  as  Bt^rzelius  and  Dumjis. 
Before  I  proceed  to  write  the  formulae  for  these;  comjx)und8,  accortling  to 
my  R}'steni,  I  must  point  out  that  in  the  fornuila,  No.  7,  benzoic  acid, 
there  is  a  fallacy  which  I  must  let  Dumas  himseli  expiam.    He  says : 

'  Taylor's  Scientific  Memoirs  (1846),  vol.  iv.  p.  670. 
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*•  The  oil  of  hitter  almonds  CH*'0  -f-  H*,  w  iu  n  exposed  to  air  loses 
H*,  iuid  ought  ia  couse<iuence  to  gain  0,  and  he  converted  into  benzoic 
add  C"H"0*,  which  actually  occurs."— IWi^ecfe  Chirm,  1847, 1.  76. 

The  esseoce  of  bitter  aknonds  cm  be  transformed  into  benzoic  add 
bj  the  actioii  of  oxygen  or  of  air^  or  the  effect  of  any  oxidising  cause 
whatever*  The  action  takes  place  at  the  ordinary  tempemtore,  and  is 
lapid  in  sunshine.  The  conversion  is  complete,  and  immediat^y  pro- 
duces hydrated  hm/nk  acid,  containing  predsely  the  quantity  of  water 
which  it  retains  after  sublinuition." — Idem,  p.  144,  ' 

These  extracts  show  that  the  formula  for  No.  3  rcqniff^  an  atom  of 
water  to  In-  ;uMed,  making  it,  according  to  Dnmati's  numbers,  C"H*\)* 
4-  H",  or  according  to  Xktrzellos's  numbers— 

According  to  my  notation  these  compounds  are  constituted  as 
foIlo\vs : — 

1.  Oil  of  bitter  almonds  .    .  H,  ORK). 

2.  Chloride  of  benzoyle  ,    .  CI,  001*0. 

3.  Benzoic  add   ...   .  HO,  <7HK). 

4.  Sulphuret  of  benzoyle    «  S,  <7HK). 

5.  Benzamide   NH*,(7IP0. 

Loolvlng  from  this  point  of  view  at  the  ex])lanations  givf^n  hv  y^th. 
parties,  it  would  MpjX'ar  tfiat  Dumas  w:i.s  evidently  right  in  suj)jM»sing 
that  the  C1,H(  ),S,  and  NH*,  were  respectivi^ly  subeititut<^  for  an  atom 
of  hydrogen,  and  tliat  Berz^'hiis  was  equally  right  in  gup|x>8ing  that  this 
series  of  compounds  cont^ned,  all  through,  the  conijx)UJid  C^HH).  But, 
00  the  other  hand,  Dnmas  was  wrong  in  supposing  that  the  atom  of 
hydrogen  which  be  replaced  was  oi^  <m  atom  takm  indifferently  fiom 
the  mass  of  atoms  of  hydrogen  ooiitaiDed  in  the  oil  of  bitter  afanonds. 
He  fiukd  to  perceive  that  the  hydrogen  which  he  replaced  was  a  radksgH^ 
equal  in  chemical  power,  not  to  each  of  the  other  atoms  of  hydrogen 
present  in  the  compound,  but  to  all  the  rest  of  the  h^-drogen  and  all  the 
carbon  taken  together ;  for  the  radical  h&ayX  =  CH^  is  but  one  molecule* 
the  equivalent  of  one  volume  of  hydrogen,  and  this  molecule  remained 
undecomposfHl  while  the  com]ionnd  underwent  all  the  transformations 
which  formff!  the  Ixvsis  of  the  up*t»at  controversv  l)etwpen  these  (^liemists. 
Berzelius  laiietl  equally  to  notio?  this  jx'culiarity,  so  strikine'v  confirma- 
tive of  his  hvpothesi.s  of  rom]>ound  radicals.  He  was  alx)  wrong  in 
lU'ging  it  as  a  nicctianieai  niHK).ssibilitv  that  an  atom  of  amidocjcn  should 
replace  an  atom  of  hydrogen ;  for,  as  fur  as  analogy  can  be  trusUxl,  the 
viHome  of  NH*  in  gaseous  combination  is  exactly  the  same  as  that  of  H ; 
and  it  has  been  proved  by  evidence  in  the  preceding  pages,  that  there  ia 
no  mechanical  mndranoe  to  the  replacement  of  a  sin^e  vdmne  of  hy- 
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dfDgen  by  a  single  Yoliinie  of  a  oompound  of  aeveial  atoms,  since  it  is 
imm  that  a  heavy  complex  hTdrocarboii,  such  as  laoiyl  «  C^H!*) 

wliose  elements  |  rohably  mBOsure  35  times,  and  certainly  weigh  167 
limes,  as  much  as  hydrogen,  can  h-  ()l)tained  in  tlio  \  t^hmio  of  ri  single 
stom  of  hydrogen ;  for  the  laniBte  of  ethyl  s  €*H^,C^*H^'0',  the  atomic 
neigfat  of  which  is  2a8,  has  a  specific  gravity  of  114,  and  an  atomic 
meaniie  of  two  Tohimes,  which  is  eqiial  to  that  of  its  two  ladicals,  the 
co[]rgen,  as  usual,  measuring  nothing. 

The  five  compounds  which  form  the  subject  of  the  foregoing  criticism, 
wonld,  in  aaxxrdanoe  with  the  radical  tiieory^  be  fiarmulated  and  named 
jislbUows: — 

J,  H,    OTP  O     =  Hydra  Ix-nzvlate. 

2.  (m\aO  =  Benzvla  ( hlorate. 

3.  H,    rH»0*    =  Hydra  Ixnzvl,  to. 

4.  C^H*SO  =  Benzvla  sulphate. 

5.  NH*,(7H*0    =  Amida  benzylate. 


Compound  Chlorine  Badicals. 

In  the  case  of  this  type  of  oil  of  bitter  almonds,  the  SUBSTITDTIOX 
that  occurs  affect.s  only  the  dif?»Trnt  radicals  with  which  the  oxidised 
benzyl  successively  combines.  Hydrogen  gives  place  to  chlorine,  that  to 
••xfdi^od  hydrogen,  that  to  sulphur,  and  that  to  amidogen;  but  all 
thrij«igh  the  series  of  transfonuations  the  Ixnz}  1  n  iiiains  unchanged. 

There  is,  however,  a  species  of  substitution  of  an  t  ntirely  diilerent 
chariictef  from  the  former,  and  which  has  not  always  Icoii  <n  clearlv  dis- 
tingnishi-il  tVoni  it  by  rhemiral  writers  as  it  ought  to  liave  n.  I  alhuie 
to  that  -jH-cies  where  hvdrocarltons,  such  as  methyl  and  etiiyi,  are  so 
actefi  n[H ill  by  chlorine,  iininc,  and  ioduie,  ai»  to  lose  their  original 
D^nipogition.  and  to  ])r(Klu  new  compounds,  which  still  act  as  radicals, 
but  are  constituted  as  luliuws 

Fiom  Methyl  »  CH"«  Fn>m  Ethyl  «  €fH^ 

cipci.  (m*a. 

III  thr-se  cnmjx>uuds  the  energetic  acid  radical  chlorine  acts  the  j)art  of 
tk:  basic  radical  hydrnrn'o.  Bromin<'  and  iodine  act  to  some  extent  iu 
the  same  way.  The  above  complex  cuiii]>  iunds  loim  each  only  a  single 
laiiical,  and  it  will  be  seen,  on  consulting  the  Taole  (;t  Gase?,  under 
"Chlorine  Compounds  "  at  page  54,  that  each  chlorint-  radical,  however 
beavy,  furms  only  a  single  volume  of  gas,  and  Uiut  when  they  Ibrm 
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gaseous  salts  by  combimng  with  other  radicals,  tlie  salts,  whether  oxidised 
or  not  oxidised,  produce  only  two  volumes  of  gas ;  tlie  chlorine  radicals 

thus  agreeing  in  their  general  characteristics  with  the  hydrogen  radic*ak 
from  which  they  are  derived,  only  diminishing  prograssively  in  basic 
intensity  as  tlie  jiroportion  of  chlorinp  inrrejiscs. 

Tn  sub^sequent  sections,  I  sliall  show  that  sul[)hur,  nitrogen,  and 
o'lUin  nietal^:  are  also  subject  to  act  vicariously  for  hydrogen  in 
Conij)Oiind  ratiicals. 

In  regard  to  tlie  nomenclature  of  such  radiads,  I  venture  to  ]>ro|»*^ 
that  each  should  retain  the  name  of  its  original  hydrocarbon,  with  a 
prefix  to  denote  the  number  of  atoms  of  chlorine,  or  other  element,  intro- 
ducofl  into  it  by  substitution.  This  will  slutw  the  relationshi])  oi'  the 
derived  to  the  original  radical,  and  also  tlie  extent  ui  the  change  ellected. 
Examples : — 

Ethi/l  Series,  '  Methyl  Series. 


C*H*C1  =  Chlori<>ethvl. 

nrcr  =  Chlorenic-ethyl. 

C'HH'l'  =  Chlorinio^thyl. 

C^HCl*  =s  Chloronic-ethvl. 


Cina   -  Chloric-methvl. 
CHCl*  =  Chlorenic-methyl. 
CC1»     =  Chlorinic-methyl. 
Acetyl  Series, 


Wii^     s  Chloiunic-ethyl.     |     (?a?     »  Gh]orini(>aoetyL 

When  nitrogen  is  an  element  in  a  compound  radical,  I  propose  to 
indicate  it  by  the  symbol  Z  and  the  syikble  Zot,  derived  from  Asote, 
excepting  in  the  case  of  GN, 


In(j[uiry  into  the  Causes  which  modify  the  Atomic 
Measure  of  Compound  Gases. 

It  is  a  fundamental  principle  of  the  radical  theory  that  a  gaseous 
element  has  aii  atomic  measure  of  one  volume.  Aer  ndmgly,  one 
volume  is  the  measure  allott^Hl  in  the  Table  of  Gases  to  one  atom  of 
oxygen,  hydrogen,  nitn)ijj«.*n,  and  chlorine. 

A  second  axiom  of  the  radical  theorv  is,  that  ever\'  coiii|"Uiiul 
radical  which  acts  as  tht*  L^uivaKut  of  an  iitoin  of  hydn»Lr<.*ii  or  of 
chlorine,  nieiksure.s,  in  the  g<.k>e<jus  ^tate,  like  its  equivalents,  one  volume. 
In  all  cases,  where  these  compound  radicals  have  been  isolated  and 
Wti^hed,  they  have  been  founa  to  agree  with  tliis  axiom.  Thus  one 
▼oliiroe  has  been  found  by  experiment  to  be  the  atomic  measnxe  of  the 
folbwing  compounds 


CH  Formvl. 
C  H«  Ymvl. 
C  H  '  Methvl. 
CTP  Ktlul. 
CIP  Aayd. 


C*H»  Butvl. 

Caiiipliogt'ne. 
CH*  Menthene. 
C'W  AmvL 
Cn»  Hcxyl. 


CW*  Cedrpn(». 
C'^H"  Prtiokrie. 
C'^H*'  Pamffine. 
AsClP  Cacudyl. 
CN  Cyanogen. 
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hi  the  fthiid  plfloe,  oomponnds  of  two  radicals,  whether  the  radicals 
ne  simple  or  oomponiid,  oxidised  or  not  oxidised,  are  assvimed  to  form 
two  Tolcimes  of  vapour,  because  their  two  radicals  combine  mtfmd  oon* 
densation.  The  groaps  of  compounds  between  pages  64  and  68,  show 
121  proofii  of  the  correctness  of  this  assumption,  to  which  I  may  now 
add  die  followinn^  compounds,  which  are  ef[ually  regular,  and  won^  only 
excluded  from  tlie  farmer  groups  beauise  thev  are  not  hydroauljons, 
mi  it  a|)jK'anHl  to  he  desirable  U)  keef)  the  argument  respecting  the 
hjdrocarljons  tree  from  extraneous  cOQsideratiiKis,  The  Ibliowing  com* 
pounds  form  two  volumes  of  gas 


HHO  Water. 
Ha    Chlorhydric  acid, 
HBr   Bromhydric  acid. 
HI     lodhvciric  add. 


HCy     Cjanh]rdric  acid. 
CyBr    Bromide  of  cyanogetL 
CyCl     Chloride  of  cyanogen. 
CH^€7  Cyanide  of  phenyl. 

So  far  the  atomic  measures,  both  of  elements  and  comjx)unds,  are  all 
regular.  There  is  one  volume  for  an  atom  of  a  radical,  and  two  volumes 
6r  an  atom  of  a  compound  of  two  radicals.  But  the  above  comix>unds 
moQDt  to  less  than  bfllf  the  number  that  aie  coDtained  in  the  Table  of 
Gases,  and  we  have  now  to  consider  the  compounds  whose  measures 
ne  apparently  imgnlar. 

The  &ct  nas  aKeady  been  pointed  out,  that  oxA^gen,  which,  in  the 
fiee  state,  measures  one  volume,  measures  nothing  when  in  combination 
with  two  radicals,  but  serves  only  to  increase  the  might  of  the  00m- 
ptmnds  into  which  it  enters.  I  cannot  aooount  ibr  that  fact,  and  will 
not  dw^  upon  it,  but  proceed  to  the  consideration  of  the  properties  of 
ether  dements. 

Gabbok. — Oirbon,  oocoxring  as  an  acid  radical,  in  combination  witJi 
odier  radicals  measures  nothing.  The  oxalate  of  amyl  =  C*ff'0,CO, 
•nd  die  oicalate  of  ethyl  =  C*H*0,CO,  each  measure  one  volume,  which 
is  due  to  the  amyl  and  methyl  they  contain.  The  doable  oxalate  of 
eiliyl  sod  methyl  =  CH",C*H* ;  CO*  measures  two  volumes,  because  it 
contains  two  basic  radicals.  The  carbonate  of  ethyl  =  C*H\C*H*;  CO* 
als»>  measures  two  volumes,  and  for  the  same  reason.  In  all  these  cases 
the  radical  carbon  and  the  oxygen  mea^un?  nothing.  On  the  other 
hand,  carbonic  oxid^  =  CO,  and  carbonic  acid  =  CO*,  when  unconi- 
binnl  with  other  radicals,  both  measure  two  volumes.  In  tlie  aise  of 
00*  this  is  the  measure  of  the  oxygen,  but  in  the  case  ot"  CO,  the 
Tolnnie  is  twice  th«j  measure  of  the  <jxvo;pn.  These  meiisnr^s  an?  tliere- 
fr  re  irregular.  In  combmatioa  with  other  radicals  all  combmations  of 
C  With  O  measure  nothing. 

The  reader,  in  examining  the  facts  and  arguments  of  this  section,  will 
do  well  to  bear  in  mind  the  particulars  of  tlu  se  irrregular  and  excej)- 
tional  compounds,  which  occur,  not  only  among  the  oxides  of  carbon, 
but  also  among  the  oxides  of  nitrogen,  sulpiiur,  and  chlorine.    It  will 
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be  seen,  that  tho  most  irregular  giises  are  among  the  Ix^st  known 
morgiiiiic  compounds,  and  that  the  great  multitiide  of  organic  vapoois 
present  scarcely  any  iiregularitias. 

Vinyl. — Olefiant  gas,  or  vinyl  =  CH*  (see  page  73)  has  aa  atomic 
measure  of  one  volume. 

Tlio  facts  with  which  mv  ariru inputs  are  int^  r.-^jxTM-i i,  i>etween  pages 
64  and  81 ,  show  the  iiii|)Oi  Umt  relationship  that  exists  between  vinyl  and 
an  fxtfaisive  series  of  volatile  radicals.  The  basic  radicals  are  composed 
as  xj- — I  i\n\  now  ent<M'ing  ujxjn  the  boumi  ii  v  of  conjecture,  as  t/'— -e-ach 
was  composed  of  a  nniltij)lc  number  of  au^ms  of  vinyl  plui  a  single 
atom  of  hydrogen  =  H,  and  th(^  acid  radicals  apjK^ar  as  if  they  contained 
a  multiple  number  of  atoms  of  vinyl,  plus  a  single  atom  of  fomiyl 
s=  CH.  Kow  these  compound  radicals,  basic  and  acid,  from  the  simplest 
to  the  most  complex,  all  measure  one  volume,  which  is  precisely  the  same 
measmc  as  that  of  the  single  atoms  of  H  and  of  CH.  Then,  as  we  liare 
found  that  caiixn  measures  notiiine  wheo  in  combmation,  with  the  ez- 
o^on  of  CO  and  CO*,  it  follows  wt  the  atom  of  carbcm  in  the  oom- 
pomid  CH,  may  measure  nothing,  and  that  the  single  atom  of  hydrogen 
which  IS  present  alike  in  the  basic  and  acid  radicals,  over  and  above  tke 
quantity  neoesssiy  to  the  ooostitation  of  the  multi])les  of  vinyU  ^ 
idy  iMng  uihkk  hsasurbb  m  tfts  sta<s  gas.  All  the  vinyl,  however 
great  the  quantity,  from  one  atom  np  to  thirty  atoms,  measures  nothing, 
and  the  ockl  atom  of  carbon  in  the  acid  xadicals  also  measures  nothing. 
Tlie  vinyl  and  the  carbon  increase  the  WEIOB  r  of  the  gas^  but  the  MSA.- 
SITRE  is  that  of  the  single  atom  of  hydrogen.  This  atom  of  hydrogen  is 
eRseutial  to  the  existence  of  every  member  of  the  great  class  of  radicals 
exhibited  m  the  Table  at  page  79,  and  probably  to  the  existence  of 
most  of  the  basic  and  acid  mdicals  that  are  volatile ;  and  when  it  is  not 
essential  to  their  existence  its  absence  appears  to  be  mariced  by  some 
peailiar  characteristic. 

The  following  are  examples  of  such  a  peculiarity 

CH*,€fH*0^  s  Succinate  of  ethyl    s  Ethyla  snccinylete. 
CWyCFSfC^  B  Succinate  of  methyl  «  Metiiyla  snccinylete. 

These  two  salts  have  an  atomic  measure  of  only  one  volume,  which  is 
th('  nic;Hiu-e  of  their  basic  radicals ;  the  siiccinyl,  which  is  probably  con- 
stitut^ii  tlms:  CH*4-C,  for  want  of  the  odd  atxan  of  hydrogen  jnt-a^ures 
nothing.  For  tlie  same  rea>on,  the  fcllowing  salt,  which  contains  3 
radicals,  measures  only  two  vuiumes. 

U,H$  C^H^^*  s  Salicylous  acid  a  Hydren  salicylete. 

Regiiault's  bibromidc  of  etliylcne  =  C*H*,Br*,  with  the  atomic  weight 
of  188,  and  the  specific  gravity  of  94,  is  quite  irregular,  showii^  two 
vdumes  and  three  radicals.  But  if  we  divide  this  compound  by  29  and 
consider  it  as  bromide  of  vinyl  &s  CH*,Br,  the  atomic  weight  and  specific 
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giSTity  are  both  94,  and  the  measare  is  one  YoIume»  which^  on  the 
aMomptioii  that  vinyl  has  no  measure  in  oombmatton  is  oonect,  one 
volome  being  the  measure  of  the  bromine. 

Unfortunately  we  know  yet  too  little  of  the  oonstitntion  of  compoonds 
of  this  kind,  to  be  able  to  settle  difficult  cases  so  readily ;  and  as  an 
<^x;tmple  of  the  uncertainty  that  att4  nds  such  arrangements  of  atoms,  I 
may  mention  tliat  this  compound  is  snscoptiblo  of  even  a  third  .^ouping, 
which  has  a  groat  appearand'  >M'  truth.  If  we  represent  it  by  the 
formula  C?(H*Br),Br,  it  s<H  ins  to  ije  a  l)ronii(U'  of  a  variety  of  ethyl  in 
which  one  atr>m  of  hydiogen  iias  been  replaced  by  oiu*  atom  of  bromine, 
sinii  .u  to  the  chlorine  compound  that  1  have  docribcd  at  page  93. 
Sucli  a.  compound  bhouJcl  \v*'igh  188,  and  measure  two  volmiies,  and 
have  a  specific  gravity  of  94,  in  all  which  respects  the  gas  and  tlie  for- 
mula agree. 

Upon  the  whole  it  seems  probable  that  no  hydrocarbon  radical  mea- 
saves  anything  in  its  gaseous  salts,  unless  it  contains  an  odd  atom  of 
liydrogien,  or  of  chlorine  (or  other  element)  in  substttntton  for  hydn^n. 

The  number  of  apparent  radicals  that  contain  an  even  number  of  atoms 
of  hydrogen  is  very  small,  and  may  possibly  be  diminished  when  the 

oomponnds  are  better  understood. 

The  expro5:sion  of  these  decided  opinions  respecting  the  odd  atom  of 
hrdroofi-n  wliich  cliaractorises  both  the  basic  and  acid  radicals  of  th(^ 
hydrocarlx.ii  sorits,  will,  no  doubt,  load  many  persons  to  incjuire,  what 
I  think  of  Laurent  and  Gerhardt's  LAW  of  EVEN  NUMBERS  OF  atoms? 
Accordin<j  to  that  law,  ncarlv  all  or|:;;:inic  conip<:)unds  contain  an  even 
nmiibvr  of  atoms  of  carbon,  and  an  cvlmi  number  of  atoms  of  hydrogen. 
The  law  requires  the  atomic  w^eight  of  every  compound  to  be  so  estab- 
lishfldt  that  the  vapour  of  its  atom  may  occupy  four  volumes.  This 
hw  is  explained  move  fully  in  GmdvCs  Chemistry^  vol.  vii.,  p.  6,  and 
in  LaumUU  Chmioal  Me&odf  pages  46  to  129. 

My  opinion  of  the  law  is,  that  it  is  quite  true  and  utterly  useless. 
The  reason  is,  that  the  compounds  to  which  it  reto  are  all  complete  in 
two  volumes.  The  atoms  included  in  that  measure  must,  in  every  in* 
stance,  either  be  even  or  odd.  The  law  requires  the  measure  to  be  taken 
at  four  volumes.  If  the  ori^nal  numbers  are  even,  niultijihcation  by 
two  (to  make  two  volumes  into  four)  leaves  them  even.  If  the  numbers 
an-  txld,  multiplication  by  two  MAKKS  them  fiv»n.  The  law  thcrofirc  is 
a  ni»  iv  artifice  of  arithmetic,  and  instead  of  holdin-j^  a  place?  in  our  s\  s- 
tems  of  chomistry,  it  ought  to  be  transferred  to  the  pages  of  Iluttou's 
Mathern.itical  Recreations. 

Stru'UUii. — An  atum  uf  sulphur  in  the  state  of  vajx>ur  mcusiu"cs  une- 
sizth  part  of  a  volume ;  but  this  measure  disappears  when  the  sulphur 
is  ID  combination  with  other  radicals.  The  sulphur  then  adds  to  the 
we^bt  of  the  compound  but  not  to  the  gaseous  volume.  When  one 
01*  more  atoms  of  sulphur  are  combined  with  a  single  radical,  the 
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GompooDd  measures  one  volume;  when  they  arc  combined  witli  two 
radicab,  the  oompoimd  measwm  two  voliime».  The  presence  of  oiygen 
adds  nothmg  to  the  measure. 
ESxamples: — 

a.  Cmp^cnds  forming        Pr<»poM  N<m»*. 
Om  volume  of  Gas,  •'^ 

C  H'  S  t=  Methyl,  sulphide  =  Methyla  sulpha. 

C  H*  S*  =  Methyl,  bisidphide  =  Methyla  sulpiiene. 

C  H*  SO*       Methyl,  sulphate  =  Methyla  sidphete. 

C*H*  S  =  Ethyl,  sulphide  =  Ethyla  sulpha. 

C*H*  S*  =  Ethyl,  bisulphide  =  Ethvia  sulpht-ne. 

C*H"S  —  Aiiivl,  sulphide  —  Ainyia  sulplia. 

AsG"H*,S  —  Cacodyl,  sulphide  =  Cacodyla  sulpha, 

HS  =5  UydT03ulphuric  add  b  Hydra  sulpha. 

CIS  a  Chloride  of  Bolpbor  »  Chlora  sulpha. 

«  Dicfaloride  of  sulphur  s  Chlora  sulphene. 

CISC  =:  Chlorosulphuric  acid  b  Chlora  sulphate. 

b.  Compound.  jMng 

H,C?H*  ;  =  Mercai^i  in  =  Hydra  etli via  sulphene. 

H,C*H":     S*      =  Hydrosulphideof  amyl  =  Hydra  am  via  sulphene. 
0'H\C-H*;  S^O'    =  Sulphite  of  ethyl         =  Ethylene  sulphenite. 
HjC^iP;     S*      =  Butylic  mercaptan      =  Hydra  butyla  sulphene. 

,rj  ,  ,         c  \     fChlorinic  methyla  sul- 

CCl..SO+ClSO=f:JPSe^cX'nl={  ^ 

SO  =  the  atom  of  sulphurous  acid  gas,  mea.sures  one  volume,  al- 
though S  and  O  in  combination  with  other  elements  measure  nothing. 
S,S^  s  anhydrous  sulphuric  add,  and  HSO^  s  hydxated  sulphuric 
add,  both  measure  two  volumes.  The  volume  of  these  three  compounds 
when  unoombined  with  other  radicab,  is  therefore  quite  r^ular ;  that  is 
to  say,  the  sulphur  measures  as  a  radical,  and  the  oxygen  has  oo  measure. 
SO*  and  SO^  in  combination  with  radicals,  measure  nothing. 

The  compound  CS^,  commonly  called  bisulphide  of  carbon,  but  which 
I  propose  to  call  xanthyl,  has  an  atomic  measure  of  two  volumes ;  but 
when  it  is  in  conilnnation,  it  measures  nothing.  The  following  three 
gase<:>ns  salts  contiin  each  two  compound  organic  radicals,  besides  osygen 
and  xanthyl,  and  each  measures  only  two  volumes;— 

CH',CH^  CS*0  =  Methylene  xanthvlate. 

CH'  CH^  CS^S«  =  Methylene  xanthvla  sulphene. 

CH%C*H* ;  CS*0  =  Methyla  ethyla  xanthylate. 

In  these  cases  the  basic  radicals  retain  their  full  measure :  the  carbon, 
sulphur,  and  oxygen,  measure  nothing. 
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^'iTROQEN. — The  specific  gravily  of  nitrogen  gas  is  14,  which  being 
taken  as  Ita  atomic  weight,  its  atomic  measure  is  one  vohmieb 

Wlien  it  combines  with  oxygen  it  finms  three  gpses  which  measure 
two  Tohunes  each 

Protoxide  of  nitrogen  =  K,NO. 
Deiitoxide  of  liitiogun  =  NO. 
Peroxide  of  nitrogen    s  ^00. 

The  first  of  these  three  compounds  is  regular,  namely,  the  measure  of 
the  two  radicals  is  retained,  and  that  of  the  oxygen  is  lost  But  the  last 
two  have  twice  the  measure  that  they  wcmld  have,  if  the  oxygen,  ac- 
cording to  its  tLsnal  practice  on  entering  into  combination,  disap])eared. 
The  irregularity  of  these  two  compounds  is  similar  to  tliat  whicli  cha- 
racterises CO  and  COO.  When  in  combination  with  other  radicals,  NO 
and  NOO  measure  one  volume,  tlie  oxygen  disaj^peining. 

There  are  two  other  compounds  of  nitrogen  and  oxyn^en,  the  measure 
of  whieli  have  not  hi<m  determined.  These  are  auhvdnxis  nitrous  acid 
=  N,^0'\  and  anhydrous  nitric  acid  =  N,NO*.  W'e  have,  however, 
the  atomic  measure  of  one  of  the  hv  diiites  of  nitric  acid  =  aHNO*  4- 
3H.HO.  The  measure  is  ten  volumes,  which  is  regular;  namely,  fom* 
volnmes  for  the  two  atoms  of  HKO^,  and  six  volumes  for  the  three 
atoms  of  water.  The  nine  atoms  of  oxy  gen  present  in  this  compound 
measure  nothing. 

Ammonia.— Ammonia  contains  K+H*,  which  weigh  17 ;  its  specific 
gmvity  is  8'  5,  and  its  atomic  measure  is  consequently  two  volumes.  It 
is,  in  my  opinion,  not  a  radical,  but  a  salt;  the  components  of  wliich  are 
H-f-NH'.  The  compound  NH"  is  a  radical.  It  has  been  named 
amidogen,  or  briefly  amid.  It  cannot  he  prepared  in  a  free  state,  but  its 
progre^"?  can  be  traced  through  a  nuiltitude  of  :^;\lts,  in  wliicli  it  uvideiitl>' 
acts  as  a  Ijiisic  r:\<Ii(  tl.  I  assume,  therefore,  that  amid  is  a  radical,  and 
that  its  atomic  nii>,i->-iiro  is  one  volume. 

The  conipriuiid  NH*,H  =  amida  hydra,  or  the  hydride  of  amid, 
commonly  allied  ammonia,  is  in  tliut  case  a  salt,  containing  two  radicals, 
and  hav  ing  therefore  an  atomic  measure  of  two  volumes. 

The  radical  NIP  »  amid,  and  the  salt  NH*,H  =  ammonia,  are  subject 
to  have  part,  or  the  whde,  of  their  hydrogen  replaced  hj  compound 
radicals*   The  following  are  examples : — 

NH.eH';      H  =  Acetvlamine. 
NH,C*H*;      H  =  Ethviamine. 
NIi,CH";      H  =  Methvlamine. 
KH,C^H>;     H  =  PhenVhmiine  (Anihne). 
NH,CUr;     H  =  Pii>eridine. 
^01^,0^;  H  =  Methvlopipcridine. 
N(7H*,eiP;  H  =  Ethylopipcridine. 

n  2 
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These  salts  may  all  be  considered  as  tlic  equivalents  of  ammonia,  and 
they  each  possess  an  atomic  mmsnrc  of  two  volumes. 

A  great  number  of  compounds  of  this  description  are  formed  by  the 
combination  of  nitrogen  with  non-volatile  radicals.  My  illustrations  are 
here  restricted  to  compound-:  t!int  fonn  gases. 

It  is  possible  that  tlie  compound  called  nicotine  =.  KC*IF,  the  atomic 
measure  of  which  is  one  volume,  may  be  an  amid  =  I^'H,C''H*. 

Com-})oaii(ls  of  Anirnonia. — Ammonia,  as  I  have  said,  is  a  salt  and  not 
a  radical.  When  it  goes  into  combination,  it  do^^s  not  combine  as  a 
basic  radical  with  an  acid  radical  to  produce  a  simple  siilt,  l)ut  it  com- 
bines as  a  salt  with  another  SJilt,  to  produce  a  compound  salt.  The 
result  is,  that  the  volatile  double  salts  of  ammonia  form  erases  w  bos^- 
att;nii(-  njca>ure  is  four  volumes,  because  each  double  salt  contains  four 
radicals.  The  onlv  exceptions  to  this  mejisure  are  wiicre  the  radicals 
lose  their  measure  iu  cumbination,  as  is  the  case  witli  sulphur. 

Exiunples : — 

H,NH^  4-  H(  1  .  .  .  •  Hydrochlorate  of  ammonia. 
H,NH*  4-  HCy     ,    .    •    .    Hydrocyanate  of  ammonia. 

H,NH'  4-  HTe  Hvdrotellurate  of  ammonia. 

H,NH'  +  HS  4-  HS  .   .   .   Bi-hydrosalphate  of  ammonia. 

In  the  last  case,  the  amid  and  the  three  atoms  of  hydroarn  make  up  tiie 
fuiir  volumes,  the  sulphur  havincr  no  measure.  In  the  third  example  we 
find  that  hydrot^^Uuric  acid,  which  alone  measures  only  one  volume, 
proiluces  two  volumes  when  in  combination.  The  neutral  hvdro- 
sulphate  of  ammonia  =  H,NH*  4-  HS,  has  an  atomic  measure  of  three 
volumes,  because  the  sulphur  measures  nothing,  and  the  measure  is  made 
up  of  one  volume  of  amidpgen  and  two  volumes  of  hydrogen. 

The  study  of  the  constitution  and  nomendature  of  the  ammoniacal 
salts  will  be  resumed  in  a  sabseqnent  section. 

When  nitrogen  combines  with  carbon  to  form  the  compoand  radical 
cyanogen  »  CN,  the  product  measures  one  Tclume,  the  nitrogen  retain- 
ing its  measure,  and  the  carbon,  as  usual,  losing  it 

In  the  cyanides  and  cyanates  the  atomic  measure  of  the  cyanogen  is 
retained;  but  the  following  csounples  show  that  this  is  not  the  case 
with  the  cyanurates:-^ 

Gaseous  chloride  of  cyanogen      CiCy  =  2  volumes. 

►Solid  (  hloride  of  cyanogen         ClCy  =    -J- volume. 

Cyanate  of  ethyl  C*iP,CyO  =  2  volumes. 

Cyanurate  of  ethyl  C*H*,CyO  =    {•  vohmie. 

Cyanide  of  methyl  C  H*,Cy  =  2  volumes. 

Cyanurate  of  inetiiyl  C  H',CyO  =    |-  volume. 

These  relations  lead  to  the  inference  tint  cyanogen  exists  In  the  cyanates 
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and  the  cyanurates  under  difVcrent  j physical  conditions,  and  that,  in 
the  latter,  it  possesses  the  j)ro|>orti('S,  common  to  several  elements,  of 
hanng  in  combination  an  atomic  measme  of  -J-  volume,  witii  the  power 
of  ooodensing  the  measure  of  all  radicals  with  which  it  combines  from 
one  Tohmie  each  to  half  a  volume ;  whence  it  follows  that,  as  is  shown 
ID  the  above  table,  Ita  salts  have  a  oommoti  measure  of  |  vokrae»  It  is 
probable  that  cyanogisa  exists  in  this  condensed  condition  in  its  fiilmi* 
ostiiig  salts,  bat  their  explosive  decomposition  by  heat  renders  the 
determinatuHi  of  their  measure  impossible.  I  propose  to  distinguish,  in 
famnlse  and  names,  the  cyanogen  of  the  cyannrates  from  that  of  the 
cyanides  and  ^anates,  by  giving  to  the  former  the  sign  Cyl  and  the 
name  cyanyl.  The  three  gaseoas  salts  referred  to  above  as  measuring 
each  4  volome,  will  then  become . — 

CI    Cy\    =  Chlora  cyanyla. 
C*H*,CylO  =  Ethyla  cyanylate. 
CH%CylO  =  Metbyla  cyanylate. 

Chlorint:,  Bromine.  Iot»f\k,  T  luorine.— Those  elements  when 
*:ting'  as  radicals,  and  comhiniiii^  with  compouiul  organic  i;idi<als,  or 
with  hydrogen,  retoin  their  atomic  measure  undiminished.  See  txroup 
nine,  yms^  67.  But  wlien  tiiey  become  constitutnt^i  of  radicals,  acting 
as  substitutes  fur  hydrogen  (see  ])aL::e  93),  they  beeoiue  s)il>ject  to  the 
sime  law  as  livdrogen,  and  lose  their  atomic  measure.  See  the  proof  of 
this  fact  under  the  head  of  '*  Chlorine  Compounds"  in  the  Table  of 
Ga>-:s,  pa^  54.  I  will  (^uote  a  few  comparative  exaropies  of  hydrogen 
aini  chlorine  radicals 


Usual  Names. 


cw,ao 

H,CH'0* 

H,(?CPO 

C*H»,  CI 
CH*C1  ,CI 

e*H^'i*,ci 
CH«ci^a 
m  cr,ci 


Oxychloride  of  acetyl 
Cbloralddiyd 

Acetic  acid 
Chioracetic  acid 

Aldehyd 
Chloral 

Chloride  of  ethvl 
]\ronochlorinated  ditto 
Bichlorinated  ditto 
Terchlorinatcd  ditto 
Quadrichlorinated  ditto 
Sesquichlohde  of  carbon? 


2  volumes. 
2  volumes. 

2  volumes. 
2  volumes. 

2  volumes. 
2  volumes. 

2  volumes. 
2  volumes. 
2  volumes. 
2  volumes. 
2  volumes. 
2  volumes. 
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(SPfd  s  Chloride  of  methjl  s  a  volumes. 

GCl*,a  s  Bichloride  of  onrlxn  »  2  volimiea. 

H.nT*  t=  ^Ii\rsh  pns  =  2  volumes. 

H,CU''  =  Chloroform  m  g  vdamtis* 

CH"  s  Meihjl  «  i  volimie. 

CO*  s  Sesqtuchloride  of  carbon?  s  i  vdimie. 

CHOI*  =  Perchloride  of  =  i  volumes. 

CHK!!  s  Dutch  liquid  i  volume, 

CH"  =  Vinyl  (defiant  ^as)  ss  i  volume, 

CCl*  =  Protot-liloridc  oi  t  a  lx>u  a  i  volume. 

CHCl  ss  Chloride  of  forniyl  s  i  \  oiiiuiu. 


Here  it  is  seen,  tliat  one,  two,  three,  four,  or  five  volume©  of  chlorine 
may,  as  substitates  for  equal  volmnes  of  hydrogen,  become  pari  of  a 
compound  radical,  which  radical  meaanrea  altog^er  only  one  volume ; 
while  the  aame  aalt  which  oontaina  that  compound  radical,  may  also  con- 
tain, as  a  simple  radical,  chlorine,  retaining  its  full  measure  of  one 
volume  for  one  atom. 

The  compounds  of  chlorine  with  oxygen  present  some  peculiarities. 
Hy{)ochlorou8  add  »  Ci,C10  measures  two  volumes,  and  is  therefore 
regular,  the  oxvp^n  measuring  nothing.  Chloric  oxide,  or  the  peroxide 
of  cljlorinn  =  CIO*,  also  measures  two  volumes,  \y\uv}\  is  5?Togular,  as  it 
contains  (jiilv  om*  radical.  This  irregularity  resembles  that  which  ocairs 
with  carbonic  acid  =  CO*,  and  the  ]>eroxide  of  iiitrc^en  =  KO*.  All 
these  r(>ni])Ounds  be<x>me  regular  when  they  l>ecome  part  of  salts.  The 
voliuiHj  of  the  oxvgpn  then  di£>apj)ears.  Chlorous  acid  =  CICIO*,  appa- 
rcutl)'  iuim6  thi-ee  \  oIumcs  of  vapour,  but  the  bjiecific  gravity  of  the  gas 
has  probably  not  been  correctly  determined.  Chlorosulphuric  add 
s  OSO  measorea  one  volume;  the  double  salt  CQ'SO  +  CISO  mea- 
sures two  volumes.  Bodi  of  these  salts  are  regular,  on  the  supposition 
that  CCl'  is  a  compound  radical  (vicarious  methyl),  and  that  S  and  O 
measure  nothing. 

Chlorochromic  acid  =  ClOrO  also  measures  one  volume,  which  seems 
to  intimate  that  Chhomium,  like  sulphur,  measures  nothing  when  in  com- 
bination with  other  radicals. 

On  the  other  hand,  chloro-nitrous  gas  =  CINO  measures  two  volumes 
which  is  rei^ular,  Iwausc  neither  nitrogen  nor  chlorine  lose  their  measure 
in  combination;  while  here,  as  in  all  cases,  the  volume  of  the  oxygen 
disappears. 

pHOsruoiius. — The  atomic  weight  of  phosphorus  is  3 1 ,  and  the  spe- 
cific gravity  of  its  vapour  is  62,  so  that  its  atomic  measure  is  half  a 
volume.  The  atom  of  phosphorus,  on  combining  with  other  radicals, 
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reduces  the  iiKcjasiiPe  of  the  whole  of  them  from  a  v<jlunie  each  to  hah  a 
volnm?^,  and  then  adds  to  tiie  product  its  own  half  voliuae. 

IfF.    The  measure  is  2  volumes  =  |  -f-  i- 
Phosphoretted  hydrqgen  =  Hydriue  phospha. 

CPP.  The  mearare  ki  2  ToltuneB    f  4.  ^. 
Terchloride  of  phosphorus  «  Chlorine  phospha* 

CPP.   Tlie  measure  i>  3  volumes  =  |.  -f-  |-. 
Pentachloride  of  phobpiiorus  =  Chlorune  phospha. 

Ci*PO.  The  measure  is  2  ^nlimies  =  |  -|- 
Qxychknide  of  phosphonu  s  Chlorine  phosphate. 

C'll  ,C  U"',C'iI  - ;  PO*.   The  measure  is  2  vols  =  f  +  !• 

Thhasic  phoq^te  of  ethyl  s  Ethyhne  phosphite. 

This  is  a  remarkable  case.  Tlic  three  atoms  of  cthvl  are  all  reduced 
from  one  volume  tach  to  half  a  volume,  so  that  phospiiui  us  has  the  same 
power  of  rixluction  over  com|M)uii«[  radicals  that  it  has  over  elementary 
radi-y)!;.    The  oxygen  as  usual  dij>iip} x^ais. 

li  IMil.  The  atomic  measure  is  four  volumes.  I  regard  this  as  a 
double  salt.  The  meiisure  of  IPl',  as  shown  above,  is  two  volunu^ 
a  f  +  T*  measure  of  HI,  as  shown  at  page  59,  is  two  volumes. 

These  two  salts  combine  without  farther  condensation.  Hydriodate  of 
plM»phnretted  hydrogen  =  hydrine  phospha  cum  hydra  ioda. 

ffPyHBr.  Similar  to  the  preceding.  The  measore  is  four  Tolmnes. 
Hfdrine  phospha  cum  hydra  bioma. 

Assonc. — The  atom  of  anenicom  s  Asc,  atomic  weight  =  25, 
nHiaaies  one-mxth  of  a  volcune  in  the  state  of  gas,  for  its  specific  gravity 
iii5a  When  arsenic  combines  with  another  radical,  it  caoses  the 
iliiDic  measme  of  that  other  radical  to  be  lednoed  from  a  vdtime  to  half 
tTohmie  =  thiee-flizths  of  a  yolmne,  to  which  the  araenic  adds  its  one- 
axth  of  a  volmne,  producing  in  all  fbnr-sizths  of  one  volmne.  The 
ttaDic  measDie  of  all  the  following  enmples  is  theiefore  four-sixths  of  a 
vdome: — 

AscCl     Chloride  of  arsenic         =  Arsanic  chlora. 
AscI       Iodide  of  arsenic  =  Arsanic  ioda. 

AscH  Arseniuretted  hydrogen  =  Arsanic  hydra. 
AscC^  Arsentriethyl  =  Ethyla  arsanic. 

Arsemoos  add  in  the  state  of  gas  measures  two-sixths  of  a  volume,  or 
only  half  as  mnch  as  the  other  compoonds  of  araenic.  This  is  easy  of 
miiaDatioiL   Its  fofmnia  is  Asc,AsoO,  namely,  it  contains  two  arsenic 
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atomSt  measoring  one-stxiih  of  a  volume,  and  one  atom  of  oxygeD, 
which  measures  nothing.  The  systematic  name  of  Asc,A6cO  is  araanic 
arsanicate. 

Gaoodyl  contains  one  arsanoos  atom,  weighing  75,  and  two  atoms  of 
methyl,  weighing  in  all  105.  This  compound  might  be  expected  to 
measure  |  +  2  volumes ;  but  its  measnie  is  exactly  one  volume*  The 
reason  of  this  is,  that  this  compound  is  a  radical,  and  has  the  measure^ 
as  it  is  the  equiwUenty  of  one  volume  of  hydrogen.  All  the  compounds 
of  cacodvl  nre  regular  in  their  atomic  measure,  even  the  ox v chloride  = 
6  [AsC«il%Cl]  +  [A«eH«JK),  which  contains  six  atoms  of  chloride  of 
caoodyl,  with  one  atom  of  oxide  of  cacodvl ;  for  it  has  the  remarkable 
atomic  measure  of  fouiteen  volumes,  being  two  volumes  for  each  of  the 
seven  regular  salts  which  compose  it. 

Contmry  to  the  opinion  usually  entertained  by  chemists,  the  action  of 
arsenic  in  gaseous  com]v>nnds,  whether  we  refer  to  the  arsanic  at'  n  or 
the  arsanons  atom,  is  ditlerent  Irom  the  action  of  phosphorus.  It  we 
ful;ipto(l  anotlior  atom  of  phosphoms  =  Pc,  weighing  10.33,  wliich 
would  1)*'  the  <  (juivaleiit  of  i  volume  of  hydrogen,  they  would  be 
brought  into  harmony. 

Antimon  y. — \Ve  do  not  know  the  atomic  measure  of  antimony,  be- 
cause it  is  not  volatile,  but  we  can  examine  its  action  iip>n  otiier  radicals, 
and  we  then  find  that  the  stibanic  atom  acts  precihelv  in  the  same 
liiannor  as  the  arsanic  atom,— its  com|>omids  pressentincr  the  atomic  mea- 
sure ot  luur-sixths  t>f  a  volume,  exnctiv  as  they  would  d<>  li  the  m«i.«?ure 
of  the  stibanic  atom  was  one-sixiit  <»1"  a  volume,  and  it  had  the  .-Nimt:; 
power  tliat  is  possessed  by  tlic  arsiinic  atom,  of  reducing  the  im-asnre  of 
other  radicals  in  combination  with  it,  from  a  volume  to  three-sixtlis  of  a 
volume,  and  then  adding  to  the  result  its  own  oue-sixth  of  a  volume, 
making  in  all  four-sixths  of  a  volume.    Examples : — 

SbcCl  =  Terchloride  of  antimony  =  Stibanic  chlora. 
SbcH  =  Antimoniuretted  bydrogen  =  I  h  dm  stibanic. 
SbcC*H*  =  btib-ethyl  =  Jithyla  stibanic 

RtsMUTH. — The  measure  ami  condensing  i>ower  of  the  bismanic 
atom  aro,  apparently,  the  same  as  those  of  the  stibanicand  arsanic  atoms, 
the  measure  of  the  following  compound  being  four-sixths  of  a  volume: 

BicCl.  Chloride  of  bismuth  =  bismanic  chloia. 

r»oiinx. — Ik)ron  is  not  volatile  when  isolate*!.  Its  atom  has,  appa- 
n^nlly,  the  same  atonuc  measure  and  condensing  properties  as  the  arsanic 
atrim,  nam«'lv,  it  reduces  otlirr  radicals  to  thrrn^-sixths  of  a  volume,  and 
then  adds  its  (iwii  one-sixth  of  a  vnlume.  Hence,  all  its  compounds 
measure  four-sixtlis  of  a  volume.    Examples : — 
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BCl         Chloride  of  boron  =  Bora  chlora. 

BF          Fluoride  of  boron  =  Bom  lluoro. 

CIP,  BO  Borate  of  ethyl  »  Ethyla  borate. 

<?H",BO  Borate  of  amyl  s  AmTkbonte. 

C  IP,  BO  Borate  of  methyl  s  Metbyla  borate. 

SiTJcox. — The  atomic  measure  of  silicon  is  unknown.  When  it 
is  in  combination,  it  redness  the  measure  of  the  radical  it  is  combined 
with,  from  a  volume  to  half  a  volume,  adding  nothing  for  its  own 
volume.    The  foUowing  examples  ail  measure  half  a  volume : — 

SiCl  =  Chloride  of  .sillt-on  m  Sila  ( lilora, 

SiF  =  Fluoride  of  silicon  =  Sila  fluora. 

C*H*,  SiO  =  Silicate  of  ethyl     »  Ethyla  silatc. 

eH",8iO  =  Silicate  of  amyl     =  Amylasilate. 

There  is  another  gaseous  oompocmd  oootaining  silicon,  the  atomic 
measure  of  which  is  one  volmne  and  a  half.  This  coroponnd  is  the 
chlofosolphide  of  sdicon  =  81*01*8,  the  atomic  weight  of  whidi  is  1 09-5, 
and  the  specific  gravity  73.  To  aoooont  hr  this  singular  atomic  Yolome, 

I  imagine  that  this  compound  contains  CIS,  which  meosores  006 
volume,  SiCl,  which  measures  half  a  volume,  and  Si'  which  measure 
notliin^::,  making  one  volume  and  a  half  together. 

Carbon,  boron,  and  silicon,  all  differ  from  one  another  in  their  power 
of  modifying  the  atomic  measure  of  compound  gases* 

Tin. — Tin  is  not  volatile,  and  its  volume  is  unknown.  The  stanic 
atom  appears  to  measoie  nothing  in  combination,  and  to  have  the  power 
to  fednoe  the  radical  it  combines  with,  from  a  volume  to  half  a  vdnme^ 
which  la  the  messnre  of  the  foUowing  compound : 

SncCl.  Stannic  chloride  »  Stanic  chlora. 

Titanium. — The  same  as  tin.  The  following  salt  rueasures  half  a 
volnme: 

TiQ,  Chloride  of  titaninm  =  Tita  chlora* 

TbluTBHTM. — The  atomic  measure  of  tellurium  is  unknowTi.  It 
seems,  like  sulphur,  to  lose  its  volume  in  combination,  without  altering 
the  volume  of  the  radical  with  which  it  combines.  The  atom  of  the  fol- 
lowing gas  measures  ooe  volume: 

HTe.  Telluretted  hydrogen     Hydra  tellura. 

But  thi«i  gas  ("xhibits  another  character  when  in  combination  with 
ammonia  (see  page  100}. 

Selenium. — Selenium,  like  tellurium  and  sulphur,  has  no  measure 
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when  in  combination,  and  it  leaves  unaltered  the  radical  with  which  it 
oomUneB»  An  utoni  ci  each  of  the  following  guises  measures  one  volume, 
80  that  sdenium,  like  salphor,  retains  its  raimie  when  oombined  with 
oxygen,  though  it  loses  it  in  all  other  cases. 

HSo.  Sdcniuretttxl  liydrogen  =  Hydra  sela. 
SeO.  »:)eleniouii  acid  «  delate. 

Zinc. — If  we  may  juclge  from  the  single  gaseous  compound  of  it  that 
is  known,  zinc  acts  like  sulphur,  namely,  it  loses  its  measure  in  com* 
btnatioa,  without  condensing  the  radical  with  which  it  combines.  Hence 
the  following  gas  measures  one  volume : 

ZaCm\  Zinc  ethyl  =  Ethyla  zinca. 

**  The  vapour  volume  of  zinc-ethyl,"  says  FrunkluiKl,'  "  is  highly  re- 
markable, and  almost  compels  us  to  conclude  that  tlic  vapour  volmne  of 
the  double  atom  of  zinc  is  only  equal  to  that  of  oxygen,  instead  of  cor- 
responding with  the  volume  of  hydrogen,  in  accordance  with  the  gene- 
rallj  rec^Tsd  sappositkm,  Zincethyl,  therefore,  appears  to  hebng  to 
the  so-caUed  water  type,  and  to  oonsist  of  two  volumes  of  ethyl  and  one 
vokune  of  zinc  vapour ;  the  three  volumea  being  condensed  to  two ;  for 
if  we  were  to  assume  that  an  equivalent  of  zinc  occupies  the  same 
vapour  volume  as  an  equivalent  of  hydrogen,  we  should  then  have  the 
anomaly  of  the  combination  of  equal  vokunes  of  two  radicals  being 
attended  1^  condensation." 

If  Dr.  FranUand  will  compare  zinc  ethyl  with  sulphide  of  ethyl,  he 
will  perceive  that  the  vapour  volume  of  zincethyl  is  in  no  respect  inoie 
renuurkable  than  that  of  sulphide  of  ethyl.  In  both  salts,  the  ethyl 
retains  its  measure  of  one  volume.  In  both  salts,  the  combined  radical, 
— sulphur  in  the  one  and  zinc  in  the  other, — loses  its  volume.  It  is  of 
no  use  to  trouble  ourselves  with  a  suppositious  atomic  measure  of  zinc 
vapour,  because  we  can  neither  prove  nor  disprove  any  possible  oon^ 
jecture  respecting  it,  and  therefore  can  apply  the  conjecture  to  no  useful 
end.  Our  knowledge  of  the  actual  atomic  measure  of  the  vapour  of  sul- 
phur is  of  no  service  to  us  in  explaining  the  constitution  of  the  sulphur- 
ous gases,  because  its  measure  in  combination  has  no  relation  to  its 
volume  in  the  free  state.  But  on  examining  the  compounds  of  sul}>hiu* 
and  zinc  with  ethvl,  it  is  easy  to  see  that  the  ethvl  of  each  rebiiiis  its 
measure,  wiiUe  tln^  measuro  o{  the  sul])hur  and  the  zinc  are  l>oth  lost. 

The  volume  of  a  rnmpoand  gas  has  no  ctni-^tarit  rolntion  to  the 
volunies  ol  its  radit  Ills  j>er  It  doponds  u]>nTi  tlio  mk  a.^uiv  which  tiie 
radiails  rdmn  in  vonibination,  and  upon  tiie  anidensing povxr  which  each 
can  exercise  upon  the  other. 


^  Proceedings  of  the  Boyal  Society  (1855),  VIL  304. 
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Mebcubt.— I  have  assumed  that  there  are  two  chemical  atoms  of 
mcvcoiy :  the  mercurous  atom  weighiiig  200^  and  the  mercuric  atom 
weig^iiiig  loa  The  specific  gmvily  of  gaseous  mercoiy  is  100,  which 
oonesponds  to  the  morcaric  atom  and  to  the  atomic  measure  of  one 
▼ohimew  When  the  mercnric  atom  combines  with  a  radical,  it  loses  its 
own  measure,  but  leaves  the  measure  of  the  radical  with  wliich  it  com- 
bines unchanged.  Const'qnf  iitlv,  the  following  compounds  have  idi  a 
measare  of  one  volume,  which  is  due  to  the  metalloid:^ 

Hgcd  Mercuric  diloride  s  Meicnric  chloia. 
HgcBr  Mevnuic  bnxnide  ~  Mercuric  broma* 
Qgd    Mercnric  iodide     m  Mercuric  ioda. 

WhOT  the  mercurous  atom  goes  into  combination  with  a  radiail,  it 
adds  one  volume  to  the  measure  of  the  radical.  Hence  the  fuiiowing 
compounds  measure  two  vuluiuuii :— ' 

HgCl  Merconms  chloride  =  Mercorooa  chlom. 
H^Br  Marcuroua  bromide  a  Mercurous  broma. 

The  compound  of  the  mercuric  atom  with  sulphur,  the  mercuric  sul- 
phide, or  cinnabar,  has  an  atomic  measure  oi  one  volume  and  a  half.  In 
this  case  the  mercuric  atom  retmns  its  volume,  and  the  sulphur  triples 
its  ydume.  It  is  one  of  the  &w  examples  of  apparent  expsnsioiu  The 
specific  gmvily  is  given  on  the  «nthorit]r  of  Mitscherlich^  bat  it  is  poe- 
aiblj  incorrect: 

BgcS.  Mercuric  sulphide  ^  Mercuric  sulpha. 


SUMXABT. — Notwithstanding  the  diflerences  that  eiist  in  the  powders 
of.  the  various  dements,  and  the  irregularities  tint  occur  in  special  gases, 
the  causes  which  modify  the  atomic  measure  of  compound  gases,  are 
neither  imperceptible  nor  incapable  of  redaction  to  systematic  order.  I 
liave  attempted  to  give  ibsm  a  usefiil  arrangement  in  the  Table  on  the 
next  page. 

I  l^ve  limited  this  summary  to  the  specification  of  three  peculiarities 
of  each  element  or  radical.  First,  its  atomic  measure  in  the  free  state, 
wherever  it  has  bn^n  :iscertained.  Secondly,  its  me;isure  when  in  com- 
bination with  other  radicals.  Thirdly,  tlie  condensing  power  possessed 
by  one  atom  of  each  element  or  radical,  on  each  volume  of  every  radical 
with  which  it  combhies. 

Ox)  gen,  though  not  a  radical,  is  placed  at  the  head  of  the  hst,  as  a 
standard  of  comparison. 
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which  prodooe 

OSMB. 

Atomic 
Weight 

Atomic  Measure 
when  Isolated. 

Atomic  Measure 
in  Salts. 

Condensing  Power  of  one 
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each   ^'ulume    of  every 
Kaii)cal  with  which  it 
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Radicals 
wiiich  prodtice  GaiM. 


ExcEPnoRS  AMOna 
Inobgasic  Gaseb. 


Carbonic  Oxide .  CO 
Carbonic  Acid  .  CO 
Deutoxide 

Nitrogen 
Penndde     of  1  j^q, 

Kitn^en  •  .f 
Snlphiiroos  Acid  SO 
Selenious  Acid .  SeO 
Sulphuric  Acidjl 

Anhydrous  J 
—  Hydmted    .  HSO» 
Cliloric  Oxide  .  CIO* 
Xantbyl  .    .    .  CS* 


Atomic 
Weight. 


28 

44 
30 

46 

32 
5^ 

80 

49 
67.5 

76 


I— < 

•i| 


if 
1^ 


.2  a 


2 
2 


I 
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2 

2 
2 
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O 
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o 
o 


I 

I 
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Condensing  Power  of  one 
Atom  of  the  Radical  on 

each  A'olumfi  of  every 
Kitdical  %yitii  which  it 
combines. 


O. 
O. 

o. 

o. 

o. 
o. 

o. 

o. 
a 
o. 


A  fow  of  the  Orgnnic  Salts  ])rc.sLiit  exceptions  to  the  above-stated 
general  rules,  but  it  is  ]^rc)l  >al>le  tliat  most  of  them  are  attribiitiible  to 
our  irnih^-rfcct  knowledge  of  the  composition  of  the  substauces  W'iiich 
exhibit  the  irregularities.    They  are  as  follow ; — 

Oboanio  Gases  with  Ibbeqiilab  Atoioc  Mbasubes. 


Tluontical 
Atomie 
Mearare. 


Bxptiriinaittl 
Atomic 


I. 


2. 


4  volumes. 
4  volumes. 


Benzoile,  chloroliv  dride 

=  H,eH* ;  CI* 
Ethyl,  tribasic  forniiate 
=  (C*H»)» ;  CHC 

3.  Ethyl,  cenanthvlate 
«=  CfH*,<7H»W+OT[»,(7H«0  4voliimes. 

4.  Methyl,  tribosic  toniate 

=  (CRy;  CH€F  4  voluma. 

5.  Tefduoriziated  methylic  ether 

=  CCP.Ca'O  2  yolomes. 

6.  Terchloriiiated  methylic  8tilphide 

s  CCi",S  I  Tolume 


2  volumes. 
2  volumes. 

2  volaine& 

3  voliiines. 

4  volumes. 
2  volciines. 
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Number  5  in  this  list  would  iK'Come  n\c^ilar  if  fonnulated  tlius  : 
0n*,n4-CCl*,ClO,  where  CCl*  represents  >Mchlorinate(i  vinyl ;  and,  for 
the  same  reason,  number  6  would  be  regular  ii'  formulated  CCl%Cld« 


Method  oommohlt  exflotid  bt  GHBMms  to  nsn)  ibb  Specific 
Gravitt  of  CoMPomn)  Gaseb. — The  usual  method  of  calculatiiig  the 
Bpecific  gravities  of  oompound  gases^  is  described  by  Sir  Robert  Kane  as 
I0U0W8.*  The  simplidty-  shown  to  exist  between  the  yohuneB  of  the 
oonstttueDt  and  oomponnd  vapours,  enables  us  veiy  often  to  calculate 
beforehand  what  the  specific  gravity  of  a  vapour  should  be,  and  thus  to 
ascertain  how  closely  the  numbers  found  eiperimentally  approach  to 
absolute  correctness.  .  .  .  The  general  rule  is  to  multiply  the 
specific  gravities  of  the  simple  gases  or  vapours  respectively,  by  the 
volumes  in  which  they  combine,  to  add  tliese  products  together,  and 
then  to  divide  the  sum  by  the  number  of  volumes  of  the  compound  gas 
produced.'* 

To  be  able  to  put  this  rule  into  practice,  we  must  know  the  specific 
gravities  of  tlie  pises,  as  commonly  expressed  in  terms  referring  to  the 
density  of  air  as  unity,  and  \vo  nnist  also  know  the  assmned  combining 
volnm..  of  each  elementary  gas,  and  the  measure  of  the  compound  gf\B. 

On  the  radical  theory,  we  require  only  the  formula  of  the  conijK>und 
ga^,  and  tiie  data  presented  in  the  aboxw  Table,  to  be  able  to  calculate 
not  oiilv  the  specific  gravity  of  the  coiiijxjand  gas,  but  its  atomic  uua- 
i>ure  also,  which  io  a  quantity  that  the  ordinary  rule  rr(|iurcs  Lo  be  given 
as  one  of  the  data  from  which  to  calculate  the  specitic  gravity. 

Examples : — 

HHO  =  Water.  Atomic  weight  14-14-16=  18.  The  two  at  ^ros 
of  hydrogen  measure  two  volumes  in  combination,  and  the  oxygen 
measures  nothing.  Heuce  the  atomic  njCiL>;ire  is  two  volumt-s,  and  the 
sjKKufic  gravity  is  i8-f-2  =  9.  To  find  the  specific  gravity  in  t<iniis 
referring  to  air  taken  at  1*00,  the  specific  gravity  9  must  be  divided  by 

>4*47- 

SncCl  =  Chhrkk  of  Atomic  weight  29*5  +  55*5  =6^.  The 
atom  of  tin  measures  nothing  in  combination,  and  it  reduces  toe  mear 
sure  of  the  chlorine  from  one  vdnme  to  half  a  volume.  Henoe  llie 
atomic  measure  of  the  salt  is  half  a  volume^  and  as  it  requires  two 
atoms  of  the  oompound  to  complete  one  volume,  tlie  q>ecific  gravity  is 
65  X  a  =s  130. 

CH*,S  +  HS.  MeroapUm.  Tbe  hydrosulphate  of  sulphide  of  ethyl. 
Atomic  weight,  29  +  16  4- 1  4-  =  62.  The  atom  of  ethyl,  Uke  all 
the  compound  organic  radicals,  measures  one  volume  in  combination. 
The  atom  of  hydr^en  measures  one  volume.  The  two  atoms  of  sulphur 


■  Elements  of  Chemistry  (1849),  jxigc  290. 
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nothing.  No  oondensing  power  is  present.  The  total  measure 

18  conse  in  ntly  two  volomes,  and  the  specific  gravity  is  63  -f-  2  =  31, 
H,CH'0.  Alcohol.   Atomic  w&ght,  i  4.  29     16  s  46.   The  hy- 
drogen and  the  ethyl  measure  in  combination  one  volume  each,  and  the 
oxygen  measure  nothing.    H<^ncG  the  atomic  measure  of  alcohol  is  two 

voIuuK'S,  and  its  sjx^cific  gravity  is  46      2  =  23. 

It  is  unnor.>ss,'iry  to  quote  other  exaiupk-s,  because  the  Table  of  Gases, 
and  the  di:»cu;ssion  wliich  I  have  just  coucluded,  present  them  in  abund- 
ance. 

In  contmst  with  the  simplicity  of  the  mode  of  calculaiiuii  alibrJed  by 
the  radical  theory,  I  will  quote  Poggendorff'*s  account*  of  the  gaseous 
eoostitatioii  of  the  last  two  compounds,  the  aspect  of  which  shows  the 
difliCQlties  and  nnoertainties  of  the  ordinary  mode  of  redconing 

Conoponent  Volumes  in      Condensa-       Atoms  Spedtic 
1  VoL  of  CompoQiid.         tion.        in  1  Vol,  Gravity. 

fOTsJ*  25T6] 
Mercaptan  ^^C^H^St-f^HS^  }  2,15822 

tCH,+HSi  2:1) 

CHfih  9  :  2] 

Alcohol    Uc^»0^+iHO#     i:z>         i         1 166049 

One  of  the  marvels  of  modem  chemistry  is  the  pei^istcnce  of  its 
piofesBors  in  the  practice  of  comparing  the  specific  gravities  of  gases 
with  that  of  conmioD  air  taken  as  nnity.  To  be  consistent,  ihey  should 
adopt  the  additional  absurdity  of  taking  the  composition  of  common  air 
as  the  standard  of  the  atomic  weighta.  Just  look  at  these  two  ezamjdes 
of  spedfic  gravities  I  The  atomic  weight  of  mercaptan  is  6Zf  and  its 
specific  gravity  is  31 ;  the  atomic  wnght  of  alcohol  is  46,  and  its  specific 
gravity  is  2  3  ;  but  these  numbers  are  too  simple  to  have  the  proper 
look  of  pbilo-;'>|)liiciil  profundity,  so  The  Authorities  of  our  science  fix  the 
specific  gravity  of  mercaj)tiin  at  2'I582  2,  and  of  alcohol  at  i '60049 — 
Ixiiutiful  numbers !  which  confciin  the  (juantity  of  Egyptian  darkness 
necessary  to  render  them  grand  and  mvstorions,  and  which  confer  upon 
the  scientific  world  the  remarkable  ailvanLciges  that  always  flow  firom 
the  statement  01  simple  ^ts  in  terms  which  no  memory  can  retain. 


The  Laws  that  regulate  the  Atomic  Measure  of  the  VAFOims 

OF   POLYBASIC   ACIDS,  AS   ENUXCUTED  BY   PROFESSOR  GeRHARDT. — 

Before  closing  my  inquiry  into  the  causes  wliich  modify  the  atomic 
measure  of  compound  gases,  I  must  consider  certain  propositions  that 

*  Handworterbuch  der  Chemie,  Band  U,  pp.  478,  468. 
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have  been  laid  down  hy  M.  Gerhardt.  I  copy  them  from  his  recently- 
published  Traite  de  Chimk  OrganiquBt  tome  ir.  I  ma}')  premise,  that 
the  ohjocts  which  M.  Gerhardt  has  in  view,  are  to  establish  certain  laws 
by  wliicli  monoljasir,  Vnhasic,  and  trilxisic  acids  mav  distingnished 
from  one  another,  and,  in  ]):irti('ular,  to  donionstratc  tiiat  sulpliuric  acid 
and  oxalic  acid  iire  bii>asic  acids.  To  tiiis  end,  lie  lays  down  certain 
absolnt<»  laws,  and  adduces  such  examples  as  he  considers  suffici<  Tit  to 
prove  their  ac(  uracy  and  uiiivers;ihty.  I  sliall  quote  the  laws  and  proots, 
and  then  cxuiaiue  their  trustworthiness. 

**  Considered  in  the  state  of  vapour  and  in  the  same  volume,  the  neu- 
tral elJiers  of  biba^e  acids  contain  tuiD$  the  radical  of  tiie  akobdt  where 
the  neatral  ethers  of  monobasic  acids  contain  ^only  <mt»  that  radicaL** 
—Pago  653. 

2  volumes        2  volumes       2  voluines        2  volumes 
Benzoate  of      Acetate  of      Sulphate  of       Oxalate  of 
Ethyl.  Methyl.  MethyL  Ethyl. 

**  Considered  in  the  state  of  vapour  and  m  the  same  volume,  the 
chlorides  of  bibaaic  acids  (the  dichlohdes)  contain  twice  the  radical  chlo- 
rine, where  the  chlorides  of  monobasic  adds  contain  it  only  once." — 
Pages  653  and  724, 

5.  6.  7.  8. 

ci.c^H'o       a,c«H»o       CI*,  so*  C1*,C0 

2  vokunes         2  volumes        2  volumes       2  volumes 
Chloride  of        Chloride  of       Chloride  of     Chloride  of 
Ben  zo  vie.  Acetyle.         Sulphury  le.  Carbonylo. 

*'  Considered  in  the  st;ite  of  vapour,  and  in  the  same  volume,  tlie 
neutral  ethers  of  triliasic  a<  ids  contain  three  times  the  radical  of  the 
alcohol,  where  tlie  neutral  etiiers  of  l»iba<«ic  acids  contain  that  nidical  only 
twicey  Olid  those  of  monobaiiic  acids  coutuiu  iL  only  oiu:eJ" — rages  638 
and  694, 

9.  .      la  If. 

2  volumes  2  volumes  2  v<jimie8 

Acetate  of  Oxalate  of         Qranurate  of 

Ethyl.  £thyL  £thyl. 

'*  Considered  in  the  state  of  vapour,  and  in  the  same  volome,  the 
chlorides  of  tribasic  acids  (the  trichlorides)  contain  three  Hmee  the  radical 
chlorine,  where  the  chlorides  of  bibasic  adds  contain  tliat  radical  only 
twice,  and  the  chlorides  of  monobasic  acids  contain  it  only  mice" — Pages 
658  and  735. 
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CP,B 

2  volumes 


15- 


2  volumes 


2  volumes 


Chbrideof     Chloride  of       Chloride  of      Chloride  of 
BoroiL*       Phosphorus.     Phosphoryle.  Cyanuryle." 

These  laws  are  evidently  foanded  npoo  the  examples  which  M.  Ger- 
haidt  has  adduced  to  support  them.  According  to  him,  the  examples 
ptove  that  btbesic  and  tribastc  adds  aflfect  the  atomic  measure  of  com- 
poDnd  gases^  or  gaseous  salts,  in  a  manner  entirely  difi^nt  from  that  in 
which  they  are  affected  by  monobasic  acids ;  so  tliat,  if  yon  examine 
two  volumes  of  the  vapour  of  a  salt,  and  find  therein  one,  or  two,  or 
three  basic  radicals,  the  acid  is  with  certainty  known  to  be  monobasic, 
bil>asic,  or  tribasic,  according  to  the  number  of  the  basic  radicals  which 
TOur  examination  discloses  in  the  two  volnmes  of  vapour.  In  the  same 
manner,  thn  examination  of  two  volumes  of  a  pi<^poiis  rhioride,  and  the 
discovery'  therein  of  one,  or  two,  or  three  atonis  ot'  elilorine,  j troves  to 
M.  Gerhardt,  that  the  radical  with  whicli  the  elilirino  is  C(>nihin«3d,  is 
that  oi'u  monobasic,  bibasic,  or  tribasic  acid,  accordinij;  to  tlie  nunil>er  of 
atoms  of  chlorine  that  are  discovered  to  be  present  in  tlie  two  volumes 
of  vapour  that  are  submitted  to  examination. 

The  examples  that  I  have  quoted  seem  to  support  these  doctrines; 
fcr  the  fiK±B  are  accurate,  and  M.  Gerhardt*s  inferences  are  plausible. 
Bat  I  cannot,  upon  evidence  of  this  description,  and  of  this  limited  ex- 
teat,  jump  at  once,  with  that  chemist,  to  the  conclusion,  that,  becauae 
two  volumes  of  sulphate  of  methyl  contain  two  atoms  of  methyl,  sul- 
phuric acid  is  bibasic,  or  that,  because  two  volimies  of  oxalat*  oi  ethyl 
contain  two  atoms  of  ethyl,  oxalic  acid  is  bibasic.  True  as  the  &cts  are, 
these  inferences  do  not  necessarily  follow. 

L»'t  check  M.  Gerhardt's  examples  by  what  we  have  ascertained,  in 
ajiotluT  manner,  to  be  tnio  in  re<j^ar(l  to  tlie  measure  of  com|X)und  gas^-s. 
Let  us  sf-*:*  whv  liis  funiiula'  agrc*.'  m  all  otses  with  two  volumes  of 
vajiour,  and  yet  liiil  to  yiroN  c  the  tmth  of  his  propositions. 

No.  I.  Bemoate  of  Ethyl  =  C*H*,(7H*C)*.  There  are  two  volumes 
of  vapour  because  there  are  two  radicals. 

In  this  and  all  the  examples  the  oxygen  measures  nothing. 

No,  3.  AmUiU  cf  MeUi^  s  CH^C'H*0^.  Again,  there  are  two  yo^ 
imnes  of  vapour  because  there  are  two  radicals. 

Na  3.  SvifhaU  of  Methtfl  =  OIP^SO^.  M.  Gerhardt  arbitrarily 
doubles  the  atomic  weight  of  sulphur.  I  reduce  it  to  16,  the  usual  weight. 
The  salt,  according  to  the  corrected  £irmula,  CH*,SO*,  has  two  radicals. 


*  M.  Gerhardt*s  atomic  weight  of  sulphur  is  twice  as  much  as  mine, 
and  that  of  boion  three  times  as  mn<^  The  weights  of  the  other 
etements  agree  with  mine. 
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one  acid  and  one  basic;  bnt  I  have  afaown  (page  97)  tiiat  avlpbnr,  when 
acting  as  an  acid  radic^  in  a  gaseous  salt,  measures  nothing.  The  salt 
is  therefore  complete  in  one  volume ;  and  the  reason  that  tiro  Tolumet 
of  the  Tapour  contain  two  atoms  of  methyl,  is  because  two  volumes  of 
the  vapour  contain  two  complete  atoms  of  the  salt  If  the  weight 
of  one  atom  of  sulphur  could  be  proved  to  be  32,  that  is  to  say,  the 
equivalent  of  two  atoms  nf  hydrogen,  then  M.  Gcrliardt  would  have 
some  ground  fur  his  doctrine,  but  as  all  attainable  evidence  proves 
the  atomic  weight  of  sulphur  to  be  1 6,  or  tlie  tHjuivalent  of  one  atom  of 
hydrogen,  the  examination  of  this  gaseous  salt  aiSbrds  no  proof  that  sul- 
phuric acid  is  bibosic. 

No.  4.  Oxalate  of  Ethyl  =  C*H*,CO'.  This  salt  is  complete  in  one 
Yolume,  because  the  radical  carbon  measures  nothing  when  combined 
with  other  radicals.  Two  volumes  of  yapour  contain  two  atoms  of  ethyl, 
because  they  contain  two  atoms  of  oialate  of  ethyl  The  salt  therefore 
lends  no  support  to  the  notion  diat  oxalic  add  is  bibasic.  M.  Gerhoxdt 
makes  the  oxalates  appear  to  be  bibasic  by  doubling  the  quantities  of 
all  the  components.  His  fonnula  is  not  a  demonstration  bnt  an  assump^ 
tion. 

No.  5.  Chloride  of  Benzoyh  =  (7H%Q0,  Two  volumes  of  vapour 
contain  two  radicals  uncondenswl. 

No.  6.  Chloride  of  Ac^yle  =  C*H%CiO,  Two  volumes  of  vapour 
contain  two  radicals  uncundensed. 

No.  7.  Tho  comjwund  which  M.  Gerhardt  calls  Chlonde  of  Svl- 
phuryle  =  C1*,S0*,  iii  that  which  1  liavt/  describcil  at  page  56,  under  the 
designation  of  chlorosulphuric  acid  =  CISO.  An  atom  of  this  salt 
B  CISO,  measures  one  volume,  because  the  chlorine  alone  retains  its 
measnre,  the  sulphur  and  oxygen  losing  thehrs.  Two  volumes  of  this 
coinp  uud  contain  two  complete  atoms  of  the  salt,  and  therefore  two 
atoms  of  chlorine.  M.  Gerhardt*s  inference^  that  tiie  two  vohunes  of 
vapour  contain  ons  oftim  UboMk  tidphtayley  is  a  mUsfSYf  founded  iipciu 
the  arbitrary  assumption  that  one  atom  of  sulphur  weighs  32. 

No.  8.  The  salt  which  M.  Gerhardt  calls  chloride  of  carbonyle  ss 
CI*,  CO,  is  that  which,  at  page  55  of  this  work,  is  called  phosgene  gas 
=  Cn.ClO,  according  to  which  formula  the  salt  is  an  oxychloride  of 
chloricfonnyl.  Upon  cither  supposition,  the  salt  should  have  an  atomic 
measure  of  two  volumes ;  in  tlio  first  case,  beoiuse  CO  measures  notliing 
in  conihination,  and  CI"  are  uiicukIi  !ise<l,  and  measure  two  volumes;  in 
the  sccotul  case,  lH?Giuse  CCl  =  an  atom  of  fonuvl  that  contains  CI*,  in- 
stead  of  H',  measures  one  volume,  and  CIO  also  measures  one  volume. 
The  measure  of  two  volumes  is  therefore  due  solely  to  the  two  volomea 
of  chlodne,  the  carbon  and  oxygen  measuring  nothing.  There  is  no 
evidence  to  prove  that  the  oompcmnd  which  M,  Gerhardt  caDs  carbonyle 
s  CO  is  a  bibasic  acid  radical. 

It  does  not  appear  that  M.  Gerhardt  knew»  or  duly  appredatad,  the 
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Ec:  tliat  oxygen,  carbon,  and  sulphur  iuivo  no  gaseous  measure  when 
oorabined  with  radiails  to  form  salts ;  and  that,  in  the  baits  which  con- 
tain these  elements,  it  is  the  basic  radicals  alone  that  make  up  the  mea- 
fore  of  the  compoond  gases.  The  consequence  is,  that  his  laws  re- 
specting the  measure  of  salts  tihat  oontaia  the  so-called  bibasic  adds, 
ftNPided  18  thejr  are  upon  the  eiambution  of  those  salts  only  that  con- 
Irin  snlpbor  and  carbon  as  radicals,  are  fidladoiis.  They  apply  to  the 
exceptional  cases  upon  which  thqr  are  feanded,  and  to  nothiDg  else. 
The  three  hundred  gases  deacribed  between  pages  50  and  63  £>  net 
afixd  a  sfaigle  eiain|£  to  jostif j  them. 

I  paaa  to  the  considemtioQ  ii  the  laws  that  relate  to  tribaaic  acids. 
The  Example  Na  9  is  equivalent  to  No.  2.  No.  10  is  a  repetition  of 
iio.  4.  No.  f  I  is  a  salt,  the  composition  of  which  I  have  already  dis- 
CMscd  at  page  101,  where  I  have  attempted  to  show  that  its  proper 
measure  is  not  two  volnmes^  bat  i  volume.  See  fartlu  r  partiailars  on 
this  head  m  the  acoonnt  of  Example  No.  1 5.  M.  Gei  hardt  might  have 
brought  forward  n  more  striking  example  in  support  of  his  law.  This 
la  the  trit^c  £onmate  of  ethyl  No.  2  in  the  Table  of  Irregular  Gases, 
foraiulated  at  page  log.  Thi^  f^nlt  agrees  perfectly  with  the  law  in 
qoestion:  C*H*,(?H*,C"H* ;  CHO*;  atomic  weight,  148;  sp.  gr.  74; 
atomic  mca.snre,  two  volumes ;  number  of  basic  radicals,  three.  Un- 
luckily, the  conformity  of  this  salt  is  neutralised  by  the  nonconformity 
of  the  yxirallel  ^^ilt  Nn.  4  in  the  same  Table,  namclv,  the  trihnisic  forminte 
of  m^^thyl  =  CH^CH^CH*;  CHO*;  atomic  weight,  103  ;  sp.  gr.  35*33  ; 
nuiiilier  of  hn'^ir  radicals,  three  ;  atomic  measure,  th'ee  volumes.  Upon 
t^vo  exani]  ili-s  ^v}lll•il  aeutrulis*'  one  another  we  cannot  prudently  found 
4  bw  iiavuig  preteiiBions  to  l;i  ik  ral  apj)licability. 

The  next  law  relates  to  the  ciilorides  of  trilxusic  acids. 

No.  12.  Chioride  of  Boi-vn.  I  divide  M.  Gerhardt's  atomic  weight  of 
boron  by  3,  which  converts  his  formula  from  CPB  to  CPB*.  Tiiiii  for- 
mula no  doubt  represents  two  volumes  of  the  gas,  but,  as  it  appears  to  me, 
it  also  repres^ints  three  atoms  of  the  salt ;  the  small  atom  of  lx)ron  is  the 
equivalent  of  one  atom  of  hydrogen  or  of  chlorine.  No  advantage  is 
obfeuned  by  treating  as  trichlorides  compounds  which  can  be  just  as  well 
Inated  aa  simple  chlorides.  I  therdbre  write  CIB  as  the  proper  formula 
€f  Ihe  oomqxxmd  described  at  pages  32  and  104  m  this  ifoAu  BorQD» 
iil  mdentand  it,  is  the  haseci'  a  monobasic  ma  not  of  a  tribute  add» 
aid  1  will  ahovr  In  another  section,  that  all  the  diemical  reactions  In 
which  boron  plays  a  part,  can  be  described  accmately  and  simply  by 
flqjMtionB  that  refer  to  it  In  its  monobasic  chaiacter, 

Kou  13.  Chloride  of  Phosphorus  «  G1*P. 

Na  14.  (h^^Mfrich  o/Fhtuphanu  «  CPPO.  I  hare  shown  at  mge 
108  how  it  happens  that  three  atoms  of  chlorine,  in  combuiaticD  wiln  an 
stem  of  phosphoros,  prodoce  two  ▼obmes  of  vapour,  dther  in  the  pre- 
me  or  abeenoe  of  osygen:  It  Is  because  phospiioraB  in  all  cases  con* 
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denses  the  ndicnlfl  it  oombinee  with  from  one  volume  each  to  half  A 
Tolnme,  addiog  thereto  itB  own  measure  of  half  a  volume.  It  acts  thus 
not  only  with  chlorine  but  with  hydrogen  and  with  ethyl,  and  when  tihe 
action  takes  place  upon  three  atoms,  the  reaolt  is  &voarable  to  M.  Gep- 
hardt's law.  But  in  this  case,  as  in  the  casee  of  carbon  and  sulphur,  the 
law  depends  for  support  upon  a  peculiar  property  of  an  individual  sub* 
stance.  There  is  no  evidence  that  all  tribEisic  acid  radicals  have  this 
yyowaY  of  condensation  :  yet  the  law  is  iaaodsd  Upon  the  assomptioo  of 
its  universal  applicaVtility. 

No.  I  5.  Chloride  of  Cyanyl  =  ClCyl.  The  compound  in  question  is 
th«;  solid  chlundo  of  cvanogen,  the  nature  of  which  has  been  discussed 
at  piige  1 01.  Two  volamt'ii  of  it  cei*Uimly  contain  throe  atoms  of  C]^ 
because  two  voluuies  contain  three  atoms  of  the  c«.iiiipieto  salt.  If  we 
admit  that  the  compound  CylCl,  measoring  4  volume,  is  a  complete  saltt 
the  radical  Oyl  is  monobasic.  The  question,  whether  any  advantage  is 
gained  by  triplinj^  the  atom,  and  considering  it  polybasic,  will  be  coo* 
aidered  when  I  come  to  investigate  the  properties  of  the  flo-called  poly^ 
basic  acids.  The  point  for  consideration  iiere  is  the  influence  of  pedytia^ 
acid  radicals  \x\)o\\  the  measure  of  their  gaseous  salts.  According  to 
M.  Gerhardtf  a  bibasic  acid  radical  in  all  cases  condenses  two  basic 
radicals,  and  a  tribasic  acid  radical  in  all  cases  condenses  three  basic  radi- 
cals into  a  gaseous  salt,  having  an  atomic  measure  of  two  volumes.  On 
the  other  hand,  my  view  of  this  matter  is,  that  all  tlie  radicals  which 
prixluce  gases  have  individually  certain  nnaltenible  ])roperties,  such  as— 
their  measure  in  an  isolated  stat^^' — their  measure  when  combintHl  in  sjilts 
— the  power  |xjssessed  by  cerla:u  radicals  ol  coudensing  to  ont^-liulf  the 
volume  oi  all  radicals  with  whicli  they  combine.  These  projxrties  they 
]x>ssess  as  against  all  other  radicals ;  and  as  the  properties  are  constant, 
we  can  foresee  what  will  oocor  in  the  various  combinatioDS  of  tfaeae 
radicals  one  with  another.  This  is  the  view  which  I  have  attempted  to 
express  in  the  Table  given  at  page  108,  The  examples  of  aalta  open 
which  HL  Gerhardt  has  founded  his  laws  are  all  sncb  as  can  be  easily 
interpreted  by  these  principles,  and  when  interpreted,  they  prove,  as  I 
ttiink,  that  M.  Gerhardt's  laws  have  not  that  accoracy,  precision,  and 
general  applicabil-tv  Avhich  he  attributed  to  them.  Founded  on  spe- 
cialties, they  apply  tu  similar  specialties  and  to  nothing  more. 

A  question  which  has  been  largely  debated  is,  whether  the  atomic 
mcivsures  of  all  gases,  sim])le  aiul  compound,  ought  to  Ix'  fixe<l  mvo 
volumes — or,  as  some  have  it,  at  FOUU  volumes,  U[)on  this  ini<-^iiun  1 
will  not  waste  a  \\  'rd.  No  man  whose  jud^ent  is  unprejudiced  can 
examine  tlie  facts  liiai  are  detailed  in  this  section,  and  in  the  Table  given 
at  pages  50-63,  without  coming  to  the  conclusion,  that  the  adoption  of 
one  uniform  atomic  messcnre  for  gases  and  vapours  of  every  descripftioii 
is  absurd. 
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Applications  of  the  Eadical  Tlieoxy, 

The  object  of  this  Esasf  is  to  show  the  veasonableDese  of  the  Radical 
Theoij^  ml  the  advantages  which  it  posaeeaes  over  every  other  theoiy, 
m  the  deanieBB  of  the  eKplanationa  which  it  afibida  of  the  pioziiDate 
inirtitiitioii  of  chemical  oompooDda*  I  have  dwelt  at  oonsideiable  lengdi 
^xn  the  oompoonds  that  produce  gaaea  and  vapours,  because  we  have 
in  the  ezanuDation  of  these  compounds  the  double  advantage  of  being 
able  to  nmunn  and  to  weigh  botii  the  conponeDts  and  the  conipounda. 
The  examinatkm  has  aflbided  evidence  more  deciatveljr  fa\  ouraV>le  to  the 
Badi^  Tbeoiy  than  any  that  has  ever  before  been  submitted  to  the 
OOQskieration  of  chemists.  I  h(^  that  the  eflect  will  be  to  induce  them 
lo  adopt  it,  and  to  throw  aside  many  of  the  limited  and  limiting 
typotheacg  by  which  the  adenoe  is  now  hampered.  The  tlifory  oi 
l^voisier,  that  salts  are  composed  of  adds  and  bases;  Berzelius's 
doctrines  respecting  the  salts  of  the  sesquioxides  and  the  relations 
suppos^-d  to  exist  betwc*  '11  the  oxvgen  of  bas»\s  and  the  ox^'gcn  of  acids  ; 
the  tlirn»rv  rtf  nuclei,  as  developed  bv  Laurent  and  Gmcliii  ;  CJcrliardt's 
notion  that  fnx^  elements"  are  l)inarv  compoimds ;  and  tlie  |irojx>iial 
to  make  all  Siilts  agree  with  tin-  model  of  water — are  aTiK  ng  the  hvpo- 
th^es  that  mav  l.)c  advantageously  discarded  as  iinsuiied  to  the  present 
condition  of  chemical  f?cionce.  Tlie  explanations  of  particular  facts,  and 
ti^ie  tr'-nt-niU^sations  which  they  provide,  are,  as  I  think,  in  all  cjv^'s  inlt*nur 
to  tlios*'  that  are  aflforded  bv  the  Kadical  Thef)rv  ;  while  tlio  fominla?  and 
iicanenclature  to  wfiicli  tliey  lead  arc  so  intricate  and  pu/izlinir,  that  only 
a  few  proft^SK 'ii:tl  chemist*?  pretend  to  be  able  to  understand  them. 
This  evil  is  so  gaat,  that  an  annual  complaint  is  niadt*  at  the  nieetincrs 
of  the  British  Association,  tliat  organic  chemists  eni])loy  an  unknown 
toi^e,  and  render  their  .■>cu;nce  uuintelUgiLle  and  inaccessible  to  men 
of  science  of  other  denominations. 

If  princqjks  of  the  Radical  Theory  were  adopted,  there  would 
loaaiii  §i  perfoimanoe  the  dvttj  <^  carrying  the  theoiy  into  practical 
(neratkm — that  is  to  si^,  of  showing  in  detail  its  effects,  firstly,  upon 
the  Claasification  and  Nomendatare  of  chemical  compoonda;  and, 
attondly,  mxm  the  views  that  ought  to  be  taken  of  the  proximate  oon- 
HitBtioD  of  different  varieties  of  compound  salts ;  finr  it  ia  upon  these 
points  tiuit  the  existtiig  theories  and  the  Radical  Theory  most  strikingly 
^ffaricate.  Tliat  dnty  cannot  be  performed  in  a  woric  of  the  limited  extent 
<if  this  Eemj,  My  task  is  that  of  advocating  a  principle.  I  adduce 
nch  &cts  as  serve  to  piove  the  troth  of  the  statements  that  I  advance, 
but  I  avoid  details  that  would  raqnire  :i  series  of  volumea  ibr  their 
CQttpiete  exposition.  Nevertheless,  as  it  is  necessary  for  the  proper 
comprehension  of  the  doctrines  that  I  am  advocating  to  aliow  what 
ffibct  the  adoption  of  the  Radical  Theory  would  have  upon  the  oom- 
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monlf-raodyed  ibimale  and  mam  of  several  Important  dassea  of 
chemical  compoonds,  I  shall  make  a  sAcHon  of  such  compoanda,  and 
apply  to  them  the  Formnls,  the  Names,  and  the  Explanations,  whidi 
would  come  int<i  eflfect  on  the  adoptkm  of  the  Radical  Theory,  as  thai 
theory  is  set  fortli  in  the  preceding  pages.  Let  it,  however,  be  borne 
in  mind,  that  the  Nomenclature  which  I  have  suggested,  though  it  ia 
framed  upon  the  Radical  Theory,  forms  no  essential  part  of  that  theory  ; 
so  that  the  Theory  and  the  NomeDclatore  most  be  judged  of  independ- 
ently  of  each  other. 

Among  the  ejcamples  whicli  I  propose  to  descnlx*,  i  shall  select  some 
that  will  p^ivo  me  an  op|X)rtunity  of  disciLSsing  several  questions  that  have 
not  hitherto  come  before  us ;  such,  for  instance,  as  relate  to  the  doctrines 
of  polybasic  and  conjugated  acids;  of  amids,  ammonias,  ammoniums^ 
and  cmet  oiganic  bases;  of  vioe-nKlioBla,  anhydrides,  and  doable  salli. 
These  eiamples  will  enable  us  to  grapple  with,  and  dis|x}se  of,  some  of 
the  moat  startling  difficolties  in  iheoietical  chemistry* 


AnkydrideSy  or  Anhydrous  Acids. 

As  the  distinction  of  the  proximat<^  elements  of  talts  mto  AciDS  and 
Bares  is  not  recognised  by  the  KadiaJ  Theory,  it  is  necessaiy  to  show 
wiiat  view  is  to  be  taken  of  the  compounds  tliat  are  commonly  called 
Anhydrous  Adds ;  that  is  to  aay,  the  ooddised  n^^ve  radicals,  which 
can  be  procured  in  a  aqparate  atete,  or  mioombin^  with  water  or  me* 
tallicbaBea. 

The  foUowinff  diagram  eifaibita  examples  of  anhydrous 
tnisted  with  hydrated  adds : — 


X.    HO,  SO  ^  JH<\C'H«0 

\  H0.c**H"O 


.  JHO,SO 

IH0.SO 
^  IHO.POO 

[The  atomic  weights  of  the  elements  in  the  Table  are,  Os  i6,  Hs  x, 
S=i6,  C=i2,  P=3i.] 

The  comjK>\nid  represented  by  No.  1  is  one  atom  of  oil  of  vitriol,  or 
lisdiated  sulphiuic  acid,  die  proj>osed  systematic  name  for  which,  ia 
accordance  with  the  Radical  Theory,  and  firamed  on  the  formula  UjiSO*, 

is  Hti»a  sumviB. 

Na  a  repiesents  two  aloma  of  hydrated  solphnricacid.  If  we  coo- 
aider  theae  two  atosna  to  be  decomposed,  by  proper  chemical  means, 
into  the  two  componnds  disfcingoished  by  the  different  character  of  the 
types  in  the  diagram,  we  have,  as  products,  one  atom  of  water«H,HO, 
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iftd one  atom  of  anhjdioas  aolphnric  acid  »0,SO,  or  80  4*  SOO  or 

SO 

8,S0^.  I  ngud  this  anliydroiia componod,  not  asan  acid,  for  it  Kas  do 
add  ceactmB,  but  as  a  salt,  consisting  of  ttoo  radicdis  ;  the  basic  radical 
being  one  atom  of  sulphur  combined  with  one  dUAxi  of  oxygen;  the  add 
nkiio^  being  one  atom  of  solphor  combined  with  two  atoms  of  oxygen. 
This  apportionment  of  the  oxygen  is,  however,  only  coojectoraL  It 
is  qnite  as  possible  that  all  the  ox}'gcn  may  be  combined  with  Ofis  of  the 
atoms  of  sulphni)  and  that  the  true  formula  of  the  compound  may  be 
fijSO'.    I  name  this  salt  Sulpha  sulphite. 

It  may  be  objected  to  this  proposal,  that  chemists  have  always  repre- 
sented sulphur  as  an  acid  radical,  and  that  there  is  no  yiroccd.'iit  for  cr>n- 
sidpriiig  it  a  Uisic  radical.  But,  on  tlie  other  hand,  it  may  he  remarked, 
that  chemists  have  never  hesitated  t)  account  for  certain  intermediate 
metallic  oxidcis}  by  admitting  tiiem  to  be  salts,  consisting  of  a  protoxide 
acting  as  a  base,  and  a  si*sr|nioxido  or  a  peroxid*'  of  the  same  metal  act- 
ing as  an  acid,  combined  togcither.  Wliy  siiould  the  argimient  run 
m  two  opywsite  ways?  If  a  metal,  brought  into  different  states  of 
oodditiotK  can  form  both  positive  and  negative  radicals,  and  these  can 
combine  to  pnKluce  a  salt,  whv  mav  not  a  metalloid,  plactAl  in  similar 
dretmistuices,  act  in  a  sinnlar  rnann<  i  /  Moreover,  we  have  to  take 
into  consideration  the  feet,  that  this  s;ilt  8,80*  has,  (\jually  with  the 
salt  HSO*,  tlie  pnver  of  combining  witii  neutral  salts  to  form  multiple 
salts.  This  fact  i^  proved  by  the  following  well-known  cumjxjunds,  and 
is  corroborated  by  the  existence  of  similar  double  salts,  formed  by  anhy- 
droos  chromic  acid  with  metallic  chromates,  and  even  by  anhydrous 
ioelic  add  with  anhydrooa  acetate  of  potaah. 


Salphate. 


Bisulphate. 

HbO* 


Hydrtited 
Sesqnisulphato. 

KSO« 
KSO« 
HSO* 


Anhydrous 
Bisulpluite. 

KSO* 
KSO« 
SSO» 


I  shall  show,  in  a  subsequent  sortion,  that  there  is  annthor  acid  ef 
sulpliur,  which  differs  from  hydn.ti .[  sulphuric  acid  only  in  iiiL--  on« 
atom  less  of  aw-u-w,  st)  that  it  r((|uir«'s  tlie  fornmi;i  H,SO  ;  aij«l  that 
this  add  has,  hke  sulphuric  add,  the  property  of  foruuug  an  anhydride : 


2'^^  I  piodaciDg  H,HO  and  S,SO. 


This  anhydrous  compoaDd  must  also  be  considered  as  a  salt  of  sulphur  y 
tiie  vKnddised  atom  S  hfsag  the  positiye  xadical»  and  the  oxidised  atom 
80  being  the  negative  radical  of  the  salt 
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Comparison  of  the  two  series  of  Acids. 


H,SO  =  Hydra  sulphate*. 
S,IS0  =  Sulpha  sulphate. 


H,80*  =  Hydra  sulphete. 
S,SO*  =  Sulpha  sulphite. 


Diagram  Na  3  exhibits  the  relation  of  hydiated  phosphoric  add  to 
anhydrous  phosphoric  acid.  What  I  have  said  of  sulphuric  add  applies 
with  equal  force  to  phosphoric  add.  The  anhydrous  compound  POO 
+  POOO  or  P,PO*  is  a  salt  in  which  phosphorus  acts  both  as  « 
basic  radical  and  an  add  radical,  the  two  radicals  bebg  probably  in 
different  states  of  oxidation.  This  compound  ought  not  to  be  called  an 
add.  Its  name,  on  the  proposed  system,  and  agreeing  with  the  formula 
last  quoted,  P,PO^»  wiU  be  Phospua  PBoePHUTK. 

The  other  anhydrous  inorganic  oxygen  adds  may  be  treated  predsdy 
in  the  sanie  wav.    Anhvdroiis  nitric  acid  ij^  formed  from  two  atoms  of 
the  hydrated  add;  H,NO^  +  H,NO»  producing  H,HO  +  N,KO»  = 
NiTRA  NITRUTE;  and  CliTomic  acid,  only  known,  and  easily  pro  -iir  d, 
ill  the  anhydrous  state,  in  beautiiid  red  crystals,  is  Cr,CrO*  «■ 
Chromous  ghromite. 

In  all  these  examples,  as  in  all  salts,  the  quantity  of  oxygen  is  expressed 
by  the  terminal  of  the  name  of  the  negative  radical. 

No.  4  in  the  diagram  represents  the  hydrated  and  the  anhydrotis 
acetic  acid.  NotwithsUmding  that  this  substance  coTitalns  a  com[>ound 
organic  radical,  I  ))ro])o<('  tn  deal  witli  it  precisely  in  tlie  same  manner 
as  with  the  s;ilts  that  contain  sim})le  inorg-.inic  ladicals;  fur  I  considc-r  it 
to  be  in  the  iiigiifst  degree  inexpedient  to  subject  organic  and  in'T'nuiic 
radicals  fcu  ditini-nt  laws;  and,  by  so  doing,  to  make  a  chasm  Utwcc-n 
orc^nic  and  inorganic  (■hcmistry,  and  separate  two  branches  oi  know- 
ledge, whicii  ouuht  to  be  one  and  indivisibl<\ 

The  anhydrous  acetic  acid  is  to  be  coiisidi  rctl  as  a  salt  having 
protoxide  ol"  ac«'tvl  =  C*H*0  for  its  bjise,  and  biiioxide  of  acetyl  = 
CTi^O'  tor  its  acid,    It«5  formuki,  on  that  view  ut  it^  constitution,  will 
be  Cff'O.L'^H^O*,  or  C*H^('*H^()^,  and  die  systematic  name  ibr  the 
latter  will  be  Achi  vi.a  acetylitk. 

All  the  anhydrides  of  organic  acids,  of  whicli  a  considenible  number 
have  recently  been  discovered,  may  be  treated  in  the  same  way. 

H.  Qerfaaidt  has  given  to  anfaydious  acetic  add  the  name  of  AcUk 
aoetate,  and  as  he  has  adopted  the  same  system  of  nomenclature  £ar  the 
anhydrides  of  organic  adds  generally — applying,  lor  example,  such  terms 
as  Benzoic  benzoate,  and  Clinic  cnminate,  to  compounds  that  consist 
of  two  radlcab  with  three  atoms  of  oxygen — I  take  leave  to  point  out 
the  unfitness  of  such  names.  The  acetates,  bemsoates,  and  cuminatea, 
ocmtain  reapectivdy  only  tm  atoms  of  oxygen.  The  names  proper  to  such 
salts  ought  not  to  be  given  to  compounds  which,  containing  thru  atoms 
of  oxygen,  evidently  belong  to  a  different  series  from  that  to  whidh  the 
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acofcito>,  bcnzoatos,  aiid  cuminates  belong.  Wiien  the  characters  of  a 
clasa  of  salts  liave  been  distinctly  defined,  the  name  of  that  class  ought 
umloubtedly  to  be  confined  to  compounds  that  agree  vv  itli  the  definition. 
The  present  proposal,  to  oon^der  the  anhydrid^  as  salts,  in  wbjdi  the 
anne  negative  ladicala,  in  difoent  states  of  cnddation,  ave  assumed  to 
act  as  positive  and  negative  towards  one  another,  being  applicable  to  aU 
anhydrides,  whether  their  radicals  be  simple  or  compoDnd,  pfesents,  at 
lesst,  the  good  qualities  of  Bimp]iclty»  nnifiiimity,  and  predaioii,  both  in 
Ibfutilie  and  nomenclature 

^"°H "() )  formation  of 

a  compound  procunxl  latoly  by  INI.  Gerliardt.  This  is  a  double  anhy- 
dride of  a  kind  that  appears  to  be  as  plfntiful  ns  the  anhydrides  of 
the  individuiil  organic  acids.  The  radicals  re}>rt  M-uted  in  No.  5  are 
benz^•l  =  C^IV  and  cumvl  =  C'^'H".  These  are  combined,  with  three 
atoms  of  o:^ygen,  into  u  compomid  of  the  same  structure  as  anhydrous 
acetic  acid.  The  origin  of  the  compound  is  to  be  explained  exactly 
m  the  ssme  manner  as  that  of  the  simple  anhydrides ;  namely,  two 
atoms  of  hjrdmted  add  produce  one  atom  of  water  and  one  atom  of  the 
anhydride:— 

Benxoic  add  =  H,C7  IP  on      iC'WOn  jU 
Comenic  add  «  H,C"H"0*  /  ^  I  C"H"0  J      1  HO 

M.  Gcrhardr  r^alls  this  anhydride  by  the  following  names  :  "  Anhvdrous 
Bfenxo-cuiimuc  acid,"  "  Cuminate  of  Benzoik,"  and  "  BLiiZirate  of  Cumyl." 
For  want  of  a  System  of  Nomenclature  which  would  indicate  to  him  a 
mngk  satisfactory  nauie^  he  ln  gins  with  a  profusion  of  synonymes.  Tliis 
is  an  example  of  the  manner  in  which  our  books  on  Organic  Chemistry 
become  incmiibeied  with  useless  or  mischief-making  names. 

The  terms  "  cuminate  of  benzoile"  and  benzoate  of  cumyl"  are 
both  impro|>er,  for  the  reasons  uiged  In  reference  to  the  names  of  the 
ahnple  anhydrous  adds;  namely*  because  cuminates  and  benaoates  are 
aalts  that  contain  each  only  too  atoms  of  oxygen,  and  it  is  conlnuy  to 
diemical  logic  to  apply  the  same  names  to  ssitB  that  contain  Gme  atoms 
of  oxygen. 

The  tenn  *'  anhydrous  benzo-cnminic  add**  is  improper  for  another 
reason,  namely,  because  it  is  not  an  acid,  and  does  not  give  rise  to  a 
series  of  Siilts  in  which  '*  benzo-cumyl "  forms  the  acid  radical.   On  the 

CX>ntmrv,  when  the  anhydride  is  placed  in  the  ])res(^nee  of  basic  radicals, 
the  bcnz)-l  nnd  cumyl  tall  aj>art,  and  produce  benzoates  and  cuminates. 
In  fact,  this  aniivdride  difters  in  no  respect  from  the  compound  ethers 
aiiil  aa  tijoes  that  are  described  in  proup  5,  jjoge  66,  excepting  that  its 
radicals  are  ui  a  higher  statu  of  oxidation.  1  propose,  therefore,  to  con- 
sider it  as  a  salt,  in  which  the  radical  with  the  greater  proportion  of 
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hydrogen  shall,  on  the  principle  explained  at  page  73>  be  taken  to  be  the 
bssic  radiealf  «iid  the  one  with  the  kiser  proportKm  of  hydrogea  shall 
be  taken  to  be  the  acid  ladicaL  The  analyticu  fiinirak  or  the  adt  will 
then  be  C^H^UOVO*;  ita  synoptical  formtiJa  will  be  C»H'S<7H*0^.; 
tod  its  systematic  name  will  be  CmiTLA  BEfermm 

All  the  anhydridea  that  cxvitaiii  two  organic  radicals,  combined  witii 
three  atoms  of  oxygen,  may  be  formtdated  and  named  in  accordaaoe  with 
this  example  .  T\u-  f  l]  owing  compomids  of  thia  daaa  have  been  leoently 
diaoovered  by  MM.  Gerhardt  and  CSiiozn.* 

CIT/,  (7H»0»  a  Pelarg)la  Benzylite. 

aW^.C^E'H^  e  (Enanthyla  Cumylite. 

eH»,  B  Vafeiyla  Benzylite. 

C«H»,  C»»H"0«  =  Acetvla  Cumylite. 

rU\  (^W<y  =  Acotyla  Cinnamylite. 

CMI»,  aU'Cy  =  Acetvla  Benzylite. 

C'^H",  CHMV  =  Cumvla  BenzyUte. 

CH%  (7H'0>  »  Cinnamyla  BenzyUte. 

Degrees  of  Oxidation  of  Badicals. 

The  compound  ratiicals  appear  to  have  the  same  degrees*  of  oxidation 
as  the  elementary  radicals.    If  R  is  the  radical,  we  have  the  sehes ; — 

1.  B,RO 

2.  RO 

3.  RO,ROO  =  R,RO» 

4.  ROO 

Na  I  la  what  we  now  tenn  a  piotQzlde»  namdy,  the  ozule  fonned  on 
the  model  of  water. 

No.  2  is  tlio  oxide  that  exists  in  tlio  salts  that  have  the  fonnnla 
MHO*  or  MO  +  RO,  but  which  ia  larely  obtained  in  a  separate  atate. 

Professor  Williamson  has  given  to  an  oxide  of  this  description,  a  name 
which  entirely  diflers  from  that  of  its  cliaracteristio  radical.  He  dosig- 
natos  the  protoxide  of  acetyl  =  C^fPO  by  the  term  OniYL.  If  this 
jjrecedent  is  followed,  we  miu^t  have  a  pair  of  narnes  for  every  radical ; 
one  name  for  the  radical  alone,  and  another,  entirely  different,  for  one  of 
its  oxides.  The  evil  may  not  st4)p  there.  If  RO  is  to  have  a  n  ime 
essentially  different  from  that  of  K,  whv  inay  not  RRO,  ROO,  K,1»0'> 
and  all  other  oxides  of  the  radical,  also  be  distinguished  by  widely -dif- 
ferent namea?  Surely  it  ia  better  to  adopt  a  system  of  names,  wh^ 
afaall  not  loae  aig^t  of  each  radical  by  the  time  we  Teach  ita  fint  oxide* 


I  Quarterly  Journal  of  the  Chemical  Society.  V.  127,  226.  VL 
i8j,  184. 
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Aaaonling  to  the  nomencktare  which  I  ha^e  proposed,  (7H*0  will  be 
Dmed  AcBTTLATBy  which,  withoat  spedol  definition,  signifies  one  atom 
of  acetyl  and  one  atom  of  ozysen.  Such  words  as  othyl  moat  reqoira 
definition  individnally ;  for  othyl  indicates  neither  ace^l  nor  oxygen. 

U  may  be  replied  to  this  objection,  that  the  resson  why  two  difiefeni 
Hmes  are  given  to  the  compounda  in  question  is,  that  aoeiyl  s  Cf H*  and 
fAyl  =  CfkK)  are  two  difierent  radicals.  That  reply  rests,  however, 
not  on  a  matter  of  fact,  bnt  on  a  matter  of  opinion.  According  to  ihe 
adtcal  theory,  as  I  understand  it,  othyl  is  not  a  radical,  bat  the  oxide 
of  a  radical,  and  it  has  no  right  to  any  other  name  than  that  which  dfr> 
dares  it  to  be  the  oxide  of  a  radical. 

The  oxides,  No.  3,  s  JEIO,  BOO,  or  R,BO^,  are  the  anhydrides  of 
wliich  I  have  just  trr>ated. 

No.  4,  8  ROO.  This  oxide  probably  oocnrs  in  the  salts  that  oontain 
CandO*. 

Thns:  MO^OO    »  M,RO^ 
MOO,ROO  «  M,RO^ 

Intennediate  Metallic  Oxides. 

In  reference  to  the  classification  of  oxides,  I  may  say  a  few  words 
respecting  those  metallic  oxides  which  occur  between  the  protoxides  and 
the  sc'.^juioxide3,  and  wiiich  commonly  receive  the  formulse  M\)*  and 
MO  4.  M'O* ;  the  latter  representing  the  compounds  as  salts  in  which 
di&rent  oxides  of  the  same  metal  act  as  bsse  and  add  to  one  another. 
Hie  Allowing  fixmnka  represent  examples  of  snch  oxides 

Fe  O  +  Fe"  0»  =  Fe*  O*  Magnetic  oxide  of  iron. 
MnO  4-  Mn'C  =  MnW  Red  oxide  of  manganese. 
Cr  O  +  Cr*  C  =  Cr*  O*  Ciironioso-chrunuc  oxide. 

M.  Laurent  acooonts  for  salts  of  this  description,  by  adopting  a  Mrd 
tfnudeni  of  the  metab  which  they  oontahn.  Bat  this  proposal  is  inad* 
iiiisBble,  because  the  fimrth  part  of  the  metal  contained  in  snch  com- 
poonds  is  not  tiie  eqoivalent  of  a  single  volnme  of  hydrogen,  nor  does 
it  make  a  series  of  salts,  corresponding  to  those  which  are  made  by  the 
bas^laiis  and  basylic  equivalents  of  the  respective  metals.  I  consider  these 
oxides  to  be  oompomids  of  the  basylous  and  basylic  oxides,  according 
toUiMi  following  general  f  nrmla : — 

McMcO -f- McMO  »  M<^MO*.  Thns,— 

Magnetic  oxide  of  ii  nn     =  FecFecO,}''e<:l' eO       -  Ft^-'FeO* 
Red  oxide  of  mnnuurK      =  MncMncO,MncMnO  =  Muc'MnO* 
Chiomoso<:hromic  oxide  =  CrcCrcO,CrcCrO       a  Crc'CrO* 
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Correspondiiig  nomenclature : 

Fec'FeO*    =  Ferrinic  ferrete. 
Mnc^MnO*  =3  Manginic  nianganete. 
Cnr*CrO*    =  Chrominic  chroroete. 

Aldides,  or  Aldehydes  in  geneiaL 

Gmelin  describes '  the  aldides  as  follows  : — **  Wlien  Lidiig,  by  with- 
drawing t\V'>  rU'>ms  of  hydrogen  from  alcohol,  converted  it  into  the  com- 
pound C'lrO*,  ho  called  that  compound  aldehyde^  from  o/cohol  and 
cfeAycfrogenated.  More  recently  a  considomhic  number  of  other  com- 
pounds have  been  discovered,  possessing  a  certain  analogy  with  Liebig's 
aldehvdo,  and  to  those  the  same  name  hm  Ixn^n  extended.  To  avoid 
this  confusion,  I  pro[x>&e  to  denote  all  these  compounds  bv  tho  *nnenc 
temi  Aldide^  reserving  the  original  title  of  aldehyde  for  the  aldide  of  the 
ethyl  series.*' 

Ht»  thru  L^i  fos  into  a  <lescription,  classification,  and  enumeration  of  the 
aldides:  st^?  tlie  work  referred  to.  It  will  suffice  for  my  purjjose  to 
extract  a  few  examples  fruni  his  list.  Let  me  promise,  that  the  funda- 
mental expiTinietit,  rofornni  to  above,  of  the  pr<Kluction  of  aldehyde 
from  alcohol  is,  on  the  radical  theory,  to  be  explained  iis  follows 

H,CHK)  -      =  H,C»IPO. 

Namehr,  the  radical  ethyl  is  reduced  to  the  radical  acetyl  by  the  absfemo- 
tioa  of  two  atoms  of  hydrogen.  See  the  explanation  of  this  theory  at 
page  74.  Botli  alcohol  and  aldehyde  are  salts  of  the  same  stmctme: 
they  belong  to  the  hydiated  oxides,  of  which  examples  are  given  in 
group  3,  |)agG  65.  Many  of  Gmelin's  aldides  are  precisely  of  this  cha- 
racter. I  liave  treated,  at  page  78,  of  the  production  of  aldides  of  this 
class.  Sevei-al  of  Gmelin*s  alditl<'S  l>el<)n«^  to  the  anhydrides  described 
in  the  last  section  ;  others  belong  to  the  oxyclilorides,  of  which  examples 
arc  given  in  gi-oup  10,  page  68  ;  and  otlu-rs  an^  of  the  class  of  aniids,  of 
whioli  T  shall  treat  in  a  subseciuent  section.  In  short,  the  :ii<l;(l<  >,  as 
grou}>od  by  Gmelin,  are  com|><>itn  !s  belonging  to  many  difierent  series 
of  salts,  transformed  into  the  so-cailed  aldides  by  the  abstraction,  not 
only  ot'  h>  droL,^en,  but  of  carl)on  or  oxygen,  or  sometimes  of  all  three  j 
and  having  scarcely  any  common  relation : — 


^  Handbook  of  Chemistry.  VII«  19a. 
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GmeUa's  Kmbci. 

It*  E^ditu^tBS* 

Aldehyde  .  . 
Aciol^i   •  * 
Butyric  aldide 
Valeric  aldide. 
Phenous  acid  . 


FhjpotBd  FoniiiilK* 

.  H,CTI»0  . 

.  H,CIPO  . 

,  H.C*IFO  . 

•  H,C»H*0  . 

.  H,C^*0  . 


Oil  of  bitter  ahnonds  H,CTP  O 
(Enanthd  ....  H,C7H'^ 
Ciilonl  H,(X;i*  O 


h»  Anhydwm  Acids. 
Lactic  acid  .  •  , 
Maleic  Acid  • 

ChloFBldehyde  . 
Chloiobenzojl  • 

dL  Cjfonates. 

Cyanic  add . 


CH»,C"H»0». 


(?ci»ao 

(7H»,CI0 


PkvpoMd  KiUMB. 

.  Hydra  acetylate. 

•  Hydra  acrylate. 

.  Hydra  butyrylate, 

,  Hydra  valerylate. 

.  Hydm  pihenylate. 

.  Hydra  iK  iizylate. 

,  Hydra  CKiumthylate. 

.  Hydra  Chloriiiio«oetylate. 


.  Lactyla  lactylutc. 
.  Maleyla  maleylite. 


.  Chloriiiic-acetyla  chloiate. 
•  Bensyla  chlorate. 


H,CvO 


Uwa  NH\CyO 


.  Hydra  cyaiiat& 
•  Ainmona  cyanate. 


e.  Arnids. 


«  NH*,CO  .   •   .  Amida  Oarbate. 


At  piige  8 1  I  have  defined  aldide  in  terms  intended  to  fix  its  mean- 
ing and  re^ti'ict  its  use. 


The  Chromates. 

I  introdnce  the  chroouites  in  this  place,  bocnnse  they  exhibit  some 
Btrikitig  examples  of  the  combination  of  anhydrides  w  ith  neutral  salta. 
The  anhydrooa  crystallized  chromic  add  is  composed  of — 

Chiomiiim    .   •   54  s  Qt* 
Oxygea  ...  48  »  0^ 

It  oon.s<xiiiently  belongs  to  fclie  class  of  Anhydrides,  and  requires  tlie 
formula  Cr,CrO',  and  the  name  Chromous  chromite.  The  solid  hydrate 
of  this  add  is  unknown,  although  the  anhydrous  add  readilj  dissolves 
in  water,  and  the  sohitioii  may  be  sapposed  to  contain  HGK)^;  agree- 
ably to  the  equation, 

H,HO  4-  Cr,CrO»  =  HCiO«  +  HCrO" 
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The  acid  in  this  aqueous  solution  oombines  with  peroxide  of  hydrogen 
s  HO.  The  oompound  has  a  deep  iDdigo-blne  odour,  bat  it  is  unstable, 
and  cannot  be  separated  from  the  water  of  eolation.   Its  oompositum  ia 
probabhr 

HO,CiO  4.  HO  «  H^H;  GrO^. 

Thcro  are  thxee  combinations  of  cbiomic  add  with  potash,  which  have 

the  following  composition : 

Chromafe  of  Potash. — Usnal  formula,  KO,CrO*.  Doubling  the  atomic 
weight  uf  thi'  r.xN    >n  we  have  K^rO*. 

Bichromrttc  of  i'utash. — Usual  lormula  KO,CrO*,CrO'  DonMing  the 
at  iMiK  weight  of  the  oxygen  we  have  iK,2Cr,j^.  Doubling  the 
lonnula,  to  get  rid  of  fractious,  we  have  K'Cr*0'. 

Terchronude  of  Potaah, — Usual  formula,  KO.jCrO".  Doubling  the 
atomic  weight  of  the  oxygen,  this  gives  as  KCr*0*. 

If  we  regard  the  cbromate  as  the  nonnal  salt  =  ECrC,  the  tefchio- 
mate  Is  a  compoimd  of  nonnal  chromate  and  Ghromic  add,  atom  to 
atom,  and  the  bichromate  is  a  compound  of  the  normal  chromate  with 
the  terchromate. 

Chromate      =  KCrO«  =  K  Cr  0» 

Bichromate  =  KCrO"  +  (KCrO*  +  CrCrOO  =  K'Cr^O^ 
Terchiomate  »  KCrO"  +  CrCrO^  =  K  Cr^ 

This  series  Ls  similar  to  that  of  the  three  kinds  of  ]ih'Kj  hates,  excepting 
that,  in  the  proaeiii  au^e,  it  is  the  aaV/radiail  whit  ii  is  variable,  while  in 
the  phosphates  it  is  the  basic  radical  that  is  variable. 
The  systonatic  names  of  tiiese  salts  are  as  follow:-^ 

Chmmate  of  potash  •  ,  KGrO^  »  Potassa  chiomete. 
Terchromate  of  potash   .   KCrH)*  =  Potassa  cfaromurate. 
Bichromate  of  potash  •  •   K'CrKX  s  Potaasen  chromoneia. 

There  is  a  salt  formed  by  means  of  chromic  add  and  chloride  of 
potassium  which  has  given  theoxetical  chemists  a  great  of  tmble. 
Here  are  two  of  its  fonnule  and  names  :— 

KCl.  2CrO»  =  Bichromate  of  chloride  oi  potassium* 
^^j  CrO^  s  ChiombioKychlorid-chiomate  of  potash. 

This  salt  is  piobably  a  oompooDd  of  neutral  chiomatc  of  poUaii  = 
E<K)^,  with  the  oxychloride  of  chromnm  «  GtCK),  so  tint  its  fcvmnla 
msf  be  KCrO*  +  ClCiO  or  K,C1;  CfV.  The  systematic  name,  aoooid- 
ing  to  this  last  tanolay  is  Potassa  chlora  duromentte. 
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Then  is  a  oorrespondmg  salt  contaimcg  :>ulphar  instead  of  chromium 
— ^the  flolpliar  biQX)'ci]lorid«Dlphal»  of  potash, 

-  KO.(s|^.S(y. 

This  salt  is  probably  a  oompound  of  neutral  sulphate  of  potash  =  KSO* 
with  the  oxvchloride  of  sul))hur  =  CISO9  producing  the  compound 
KSO*  +  CiSO  or  E,a;  &Hf,  the  Dome  for  which  is  Potassa  chlom 

Sulpheiiitc^ 

The  chromates  combine  with  one  anoth^  to  produce  oompound  salts : 

Dbwifo:  KCrO"  +  Oa(W  =  K,Ca;  (CW)^« 
IV*b;  jKCrO*  +  NaCiO«  =  K«Na;  (CiO»V. 
St^S^  :  AmCiO^  +  sHGiO^  »  Am,H>;  (CtQFf. 

Is  the  chromic  acid  monobasic,  bibasic,  tribasic,  or  sexbasic  ? 

Distmction  between  ioialytical  Formulae  and 
Synoptical  Formnlse. 

In  the  preceding  pages  I  have  frequently  shown,  that  the  radical 
theory  permits  of  the  representation  of  salts  by  two  kinds  of  formulfle ; 
as  a  simple  example  of  which  I  may  quote  the  formuke  employed  to 
represent  the  sulphates,  viz. : — 

MO,SO  and  MSO*. 

The  fonnula  MSO"  is  that  which  expresses  all  that  we  certainly  know  of 
the  constitution  of  the  suljihatcs,  aiid  the  arrangement  of  the  symbols  is 
conventional.  We  agree  (that  is  the  strongest  ground  that  we  can  put 
it  upon — ^we  agree)  to  put  first  the  electro-positiYe  or  basic  ladical,  and« 
i^ter  Uf  the  electromotive  or  add  ra(tol;  and,  iU  «nd^  we  pnt  the 
oxygen,  becaose  we  do  not  know  wheie  else  to  pntdt.  This  ionnnk 
gives  a  synoptical  view  of  ooribimolNijM  of  this  oompoond,  and  I  piopoee 

to  call  it  a  synoptical  foimxula. 

In  the  other  formula,  M0,80,  we  show  what  we  conjecture  to  be  the 
pKOoamate  oonstitntion  of  the  sulphate.  In  our  meTUd  analysis  of  this 
salt,  we  figure  to  ourselves,  that  it  is  a  compoimd  of  oxidised  metal  and 

oaddisorl  sulphur,  atom  to  atom.  But  mental  analysis  is  purely  theo- 
retical, and  we  ainnot  experimentally  establish  the  tnith  of  this  formula. 
"Nevertheless,  the  analytical  view  of  the  compound  assists  our  compre- 
iH^ision  of  many  phenomena  that  occur  when  the  salt  is  decoiii|Ki  (  d  by 
reaction  with  other  salts;  and,  in  many  theoretical  inquiries,  wliere  our 
judgment  must  be  entirely  guided  by  cucuiiisUiiiLial  evidence,  the 
analytical  fonnuke  of  salts  are  important. 
The  systematic  nomendatore  wUch  I  have  proposed  for  adoption  is 
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fimndednpoii  ihe  synoptical  £iniiiihB«  partly  because  these  are  less  sob- 
ject  to  variatioii  than  the  analytical  Ibcmukey  and  partly  because  they 
yiM  shorter  and  simpler  names.  It  is,  however,  always  possible^ 
whenever  it  is  coDsldeied  desirable,  to  give  names  to  the  oonjectnred 
oornponents  of  a  salt  as  set  forth  in  an  analytical  £>nnnla.  Thus,  we 
may  call  thesolphate  of  barytes: 

Synoptical  ft)niiula3  :  BaSO*.    .    Ban'ta  <;u1photo. 
Analytical  formula} :  BaO^SO  .    Barytate  i^ulphate. 

The  power  of  wilting  names  to  suit  dther  ftmnula  is  freqnentiy  nsefiily 
particolarly  in  the  discrimination  of  mnlti{de  salts. 

Sir  Humphry  Davy  on  the  Composition  of  Sulphates 

and  Salts  udi  (General* 

Since  the  article  on  the  binaiy  theory  of  salts,  at  page  i8,  went  to 
press,  a  chemical  friend  has  directed  my  notice  to  another  note  of  Sir  H* 
Davy^s,  respecting  the  question  there  discussed.  As  I  desire  to  do 
justice  to  that  great  chemist,  I  copy  the  article  in  full : — 

"  The  extensive  dass  oflxxlies  called  neutral  salts,"  says  Davy/  "  are 
fermed  by  tlic  mutual  action  of  acids  and  oxides,  alkalies  and  earths; 
and  in  general  those  oxidated  bodies  that  contain  least  oxygen  are  soch 
as  most  readily  enter  into  combination  with  acids ;  thus  the  peroxides 
generally  are  either  insoluble  in  acids,  or  require  the  abstraction  of  a 
portion  of  oxygen  to  become  soluble ;  and,  in  general,  two  inflammable 
bodies,  in  combining  with  oxygen,  iinito  to  less  than  the  added  simis  of 
the  quantity  tlu-y  wmdd  sejxiratcly  combine  with  to  saturation.  i^Ianv 
of  the  noutnil  salts  may  be  considere<l  cither  as  combinations  of  J3er- 
oxides  with  inflammabk'  l»asi  s  or  as  alkalies  united  to  acids,  or  as  ^x^r- 
oxides  united  to  oxides ;  for  instance,  the  compound  f()rined  f V  mi 
sulphurous  acid  pus  and  potOiiSii  consists  of  potassium  and  sulphnr.  with 
tliree  ])rupurtioiis  of  oxygen,  and  may  be  res^arded  as  a  compound  of 
peroxide  of  potassium  and  sulphur.  Sul]»hatt;  of  jxjtassa  contains  four 
proportions  of  oxygen,  and  nii^ht  be  reguided  as  a  com  pound  of  per- 
oxide of  potassium  and  oxide  of  sulphur.  They  are,  in  fact,  all  com- 
pounds of  oxygen  with  doulilr  Uises ;  and  when  one  fixcil  alkidi,  or 
tijinh,  or  oxide,  se])arates  another,  iL  may  Ik;  suppc^sed  that  the  basL<< 
uuly  is  changed:  thus,  where  hydrate  of  potassa  separates  lime  from  its 
nitric  solution,  it  may  be  conceived  tlmt  the  potassium  only  takes  the 
place  of  caldnm,  and  that  the  oxygen  and  water  of  the  hydrate  6i 


*  Elrmcnt-  of  Chr-micil  Philosophv,  Collected  Works  (1840)9  voL  it, 
page  368*   First  published  in 
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pota>>iLLm  unite  to  this  nietiil,  and  that  t]i-'  |X)taS8iam  unites  to  the 
oxygen,  uitroas  acid  and  water  of  the  snlntM  n. 

"  It  is  very  easy  to  estimate  tlie  composition  of  any  of  the  com- 
bin.uions  of  alkalies,  earths,  or  oxides  with  acids,  hv  adiling  t(wther 
the  uumberij  represonting  tlieir  elements  ;  thu^,  sulphate  ot'  sinla 
composed  of  60  sulpliur,  90  oxygen,  which  make  two  pro|)ortions  of 
sulphuric  acid  ;  and  88  of  s  iduini  and  30  of  oxygen,  which  make  one 
proportion  of  soda.  C;u-U>ijate  of  lead  is  compoi>ed  of  two  pru|H*rLiuns 
of  carbonic  add,  e<jiiil  to  82*8,  two  proportions  of  oxygen  30,  and  one 
of  lead  398.  8nlj,)hato  of  lead  is  coni]X")S(Hi  of  two  proportions  of  sul- 
phuric acid  1  50,  two  of  oxygen  30,  and  one  of  lead  308  :  sulphate  ai' 
nidcel  of  two  proportions  of  sulphuric  acid  150,  and  one  of  oxide  of  nickel 
t|l ;  and  these  proportions  agree  almost  precisely  with  the  best  analysis. 

"  It  appears  that  in  the  neatrosaline  compoonds,  in  which  there  is  a 
perfect  witootij  between  the  proportions  of  the  elements*  the  result  is 
neotrslisation ;  and  that  in  this  case  a  OTStaUine  compound  or  an 
insolable  compoond  is  usually  fenned.  Thus,  in  the  instances  above 
Deotkmedv  in  the  solfihates  of  soda  and  lead»  l^e  solphur  is  a  binary 
pn^ortion,  and  the  ox}'gen  a  binary  proportion,  or  a  mnltiple  of  a 
faiiiaiy  proportion;  and  in  the  carbonate  of  lead  the  carbon  is  a  binary 
pfn^ortion,  and  the  osygen  a  multiple  of  a  binaiy  proportion ;  and,  to 
give  another  hsstanoe,  in  the  snlphate  of  baiytes  the  sulphur  is  a  single 
proportion,  and  die  oxygen  a  single  proportion,  or  a  multiple. 

"  When,  on  the  contrary,  there  is  a  want  of  harmony  in  the  pro- 
yortions,  the  excess  either  of  acid  or  basis  seems  to  ho  shown  in  the 
properties  of  the  result,  and  it  is  seldom  a  crystallized  body.  Thus,  in 
th*.'  soluble  red  sulphate  of  iron,  \hp  n umber  of  proportions  of  oxygen  in 
tho  oxide  are  three,  and  those  of  the  sulphur  in  the  add  are  four,  and 
this  Ixxly  is  strongly  acid  and  uncrj^stallizable." 

This  notp,  printed  in  181 2,  d(><?s  not  essentinllv  differ  fi<>m  the  notes 
5nbsequenti\  jjublishcxl  in  181  5  and  1816,  and  winch  1  have  quoted  at 
21.  Davy  had,  previous  to  any  of  these  dates,  proved  that 
chloride  of  sodium  contained  only  chlorine  and  sodium  ;  that  no  oxyp  n 
was  pr.-.  lit,  and  therefore  no  soda;  no  hydrogen,  and  thcrefon;  no 
hydrochloric  acid.  The  substance  that  was  par  ccceUence  a  SAT/r,  wms 
found  to  contain  neither  acid  nor  base.  This  di^coviTV  naturally  IlhJ  him 
t)  lorrn  gi.^neralisations  respecting  other  salts.  He  might  reasonably  ask 
tlie>e  questions:  Since  we  hwm  tliat  nniriato  of  soihi  contains  neither 
muTLiiii:  arid  nor  soda,  what  certaintv  have  we  that  sulphate  of  soila 
ConUiii^  sulphuric  and  and  soda?  Mav  not  this  salt,  and  all  salts,  bo 
compotjed  in  a  manner  an.d(.'gous  to  muriate  of  soda?  These  were  very 
sslwal  suggestions,  and  the  evidence  before  us  proves  that  they  passed 
Aioc^  I)^vy's  mind,  and  that  he  was  the  first  to  point  out  the  fact, 
littk  Lavoislei'iB  theory  of  adds  and  bases  did  not  rest  on  a  logical  basis. 
But  it  does  not  appear  to  me  that  Davy  went  much  beyond  this  exprcs- 
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sion  of  his  conviction  that  the  existing  theoiy  of  the  salts  was  bed,  and 
that  it  was  desirable  to  have  a  better  theory.  He  opens  the  case  for 
discussion  vory  clearly.  He  says,  Many  of  the  neatral  salts  may  be 
considered  eith^  as — 

a.  CSombinations  of  peroxides  with  inflammable  bases,  or  as 
h»  Alkalies  onited  to  adds,  or  as 
e.  Peroxides  united  to  oiides.'* 

In  propootioQ  a,  he  allots  all  the  oxygen  to  the  basic  radical  =  MO  +  R* 
In    ilie  usual  theory  is  accepted  -  MO  4-  BO^.   In  c,  the  o^gen  is 

supposed  to  be  equally  divided  between  the  positive  and  negative 
radicals,  MO  -f-  RO ;  and  this  last  proposition  is  illustrated  by  sup- 
posing the  sulpliiitc  of  jKitiUsh  to  he  composed  of  peroxide  of  potassium 
and  sul|)hurous  acid  =  KO*  +  iSO*.  This  last  was  certainly  a  most 
valuable'  sn^gestion.  Thorc  is  no  statement  in  these  ])n)j)ositions,  nor 
anvwhure  in  the  note,  tliat  Davy  supposed  the  snlpliaU'S  to  1k'  so  a)n- 
stituted,  that  all  the  oxvo^on  w^Ls  conii)ined  witii  the  sulphur;  according 
to  the  formula  which  Duma.',  assigned  to  him  =  K  -f-  SO*. 

But  after  opening  the  case  for  inquiry,  Davy  did  not  puibut?  it  witli 
much  precision.  He  states,  first,  that  sulphate  of  potash  contains  four 
proportions  of  oxy  gen ;  then,  that  the  sulphates  of  soda,  lead,  and  nickel 
contain  each  two  proportions  of  sulphur,  eight  proportions  of  oxygen, 
and  one  pioportioa  of  metal;  and,  fitmlly,  that  in  the  sulplu^  of 
harjtes  the  sulphur  is  a  single  proportion,  and  the  oxygen  a  angle 
pioportion,  or  a  multiple.  The  most  important  sentence  in  the  note 
is  that  where  he  says,  that  the  salts  arc,  in  fact,  all  compounds  of 
oxygen  witli  donble  bases ;  and  when  one  fixed  alkali,  or  earth,  or  oxide, 
separates  another,  it  may  be  sup[w)^<Hl  that  the  basis  only  is  changed: 
thus,  where  hydrate  of  potassa  s<  jurates  linif  from  its  nitric  sohition,  it 
may  be  conceived  that  the  potiLssmm  only  takes  th<>  place  of  calcium," 
With  tliis  exception,  there  is  in  this  note  no  difctiiK  t  settincj  forth  of 
any  new  and  peculiar  theory  of  the  salu ;  and  it  remains  to  l»e  shown 
whether  uny  such  theory  was  published  by  Davy,  or  unj  body  else, 
between  1816  and  the  di^  of  Dr.  C!lark*s  Syllabus  of  1826. 

One  of  Davy's  instances  deserves  special  notice : — Sulphate  of 
potash  contains  four  proportions  of  oxygen,  and  might  be  r^aided  as  a 
compound  of  peroxide  of  potassium  and  oxide  of  sulphur."  The  theory 
contained  in  this  sentence,  instead  of  being  the  binary  theary^  =  K  4. 
SO*,  which  Dumas  attributes  to  Davy  (see  p.iL^e  19),  is  precisely  ihe 
tiieory  KO  -|-  SO,  which  he  attributes  to  Longchamp  (see  page  25), 
and  which  lie  calls  •*  the  hypothesis  of  Davy  tunietl  topsy-turvy  ;**  SO 
that,  actually,  the  praises  which  Dum;^^  bestowed  upon  Sir  H.  Davy 
belong  to  Dr.  Clark,  while  the  sneers  wiiich  he  lavished  upon  M.  IiOOg- 
champ  are  the  property  oi  Sir  U,  Davy. 
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In  explaining  the  doctrine  of  chenucd  tjrpes  and  substitotionB,  I 
stated  that  the.  hydrocarbon  radicals  produced  a  series  of  secondary 
radicals,  by  exchanging  part  or  the  whole  of  their  hydrogen,  atom  for 
atom,  for  chlorine,  brominct  or  iodine ;  and,  in  the  inquiry  respecting 
gaseous  volumes,  I  showed  that  the  secondary  radicals,  thus  produced, 
acted  in  salts  the  same  part  as  the  radicals  from  which  they  were  derived, 
excepting  only  that  the  basic  energy  of  the  positive  radicals  diminished 
in  proportion  to  the  increase  in  the?  numluT  of  the  Hubstitnting  atoms  of 
the  neq^itive  metalloid.  The  reader  will  consult  pages  9J  and  lOl  for  a 
det.iil('J  illustration  of  these  general  principles. 

The  coni|  Miiiid  <^hlorine  mdieals,  jjroduceil  in  the  manner  that  I  have 
descrilxjil,  and  lia\  uig  tlie  pro|>erty  uf  acting  vicariously,  or  as  aubstituteis^ 
for  the  original  radicals  from  which  they  are  derived---4oing  the  duty  of 
those  ladicak  more  or  leas  imperfectly,  as  the  dnttea  of  principals  com- 
monly are  done  by  substitutes— form  'but  one  diviston  of  a  series  of 
Vicarial  or  Vioe-Kadicals  that  are  found  among  the  compounds  of 
organic  chemistry.  The  chlorine  radicals  were  first  refoned  to,  because 
many  of  them  are  volatile,  and  it  was  necessary  that  we  should  under- 
stand their  craistitution,  in  order  to  comprehend  certain  doctrines  re- 
^Tecting  the  measure  of  the  g^ues ;  but  I  shall  now  give  a  short  notice  of 
such  radicals  tikon  generally,  and  including  those  which  are  fixed,  as 
well  as  those  wliich  arc  volatile.  They  mav  be  airanged  in  f  air  classes. 
I.  Vir-c  radicals,  in  wfiidi  the  hydrc^en  of  the  oriLcinal  radicals  is  re- 
placed by  clilorino.  l  iiese  I  shall  call  Chloric  Jxadiculs.  The  iodic-  and 
bromic-mdicals,  form  pamllel  series,  Ijelong^inf  to  the  same  class.  2, 
Thojji?  in  which  the  hydrogen  is  rrjdaccd  hv  nurugen.  1  in  m.  I  ?>iiall 
call  Zotic  RadkaXa,  x.  Tliose  in  wlncii  the  hydrogen  is  replaced  by 
sulphur,  which  I  shall  call  Sidj^uc  Radicals,  4.  Those  in  which  the 
l^dr^en^to^eptaoed  by  metab,  which  may  be  distinguished  as  MMlic 

I.  Chloric  Sadicals. 

The  account  of  the  clilnric  radicals,  ahi^dy  givon  at  pages  93  and 
lOl,  leaves  but  a  few  remarks  unsaid.  Wh.  n  the  chlorine  is  introduced 
into  a  negative  or  acid  radical,  the  vict'-riioieal  is  also  negative,  and  in 
forming  salts  vvitli  positive  radiciils,  it  acts  in  the  same  manner  as  tiie 
original  radicals.  In  Ixiiig  monol^asic  or  bibasic,  in  forming  salts  with 
one  atom  of  oxygen,  or  with  two  atoms  or  three  atoms,  and  in  similar 
particulars,  the  vicar  and  the  principal  radical  iigree  iK'rfectly.  Generally, 
also,  the  salts  of  the  chloric  radical  have  tlie  same  external  appearance  as 
those  of  the  hydro-carbon  radical   Their  solutions  do  not  give  a  pre^ 
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dpitate  with  solutions  of  silver,  and  the  presence  of  the  chlorine  can 
only  be  demonstrated  by  a  process  which  destiOTS  the  oompoimd.  The 
following  are  examples  of  salts  that  contain  chloric  ladic^,  placed  in 
juxtaposition  with  the  corre.s]^^>ondiDg  salts  of  the  original  ndicaia.  The 
nomendattixe  has  been  explained  at  page  94: — 


c?ca» 


Vaieryi< 


Benzyl  < 

[awa 


Phenyl 


Salts. 


IHyd rated  acetic  acid. 
Hydra  acetylete. 

{Hydrated  trichloracetic  acid. 
Hydn  chliKtinLo-aoelylete. 

i Hydrated  valerianic  acid. 
Hydra  valerylete. 

iH\  drateil  t^uadrichloro valeric  add* 
Hydra  chloronio-valeiylete. 

(  Hydrated  benzoic  add. 

}  Hydra  brnzvletc. 

{Hydrated  chlorobenzoic  add. 
Hydra  chlohc-benzylete. 


H,c«a*o»  . 

H,C*H»0«  . 
H,C*H»CIK)' 

H,(?HH)  . 
H.CH'CPO. 
H,C'H*a'0. 
H.(?C1»0  . 


HvdrattKl  yihenic  add, 
Hydra  pheiiylate. 

{Hydrated  bichlorophenic  add. 
Hydra  chloreniofihenykte. 
Hydrated  trichlofophenic  add. 
Hydra  chlorinic-phcnylate. 
Hydrated  quintichloroph^c  adcL 
Hjrdra  chloronic-phenylate. 


The  vice-radicals  £»med  by  iodine  and  bromine  are  samOar  in  oonsti-' 
tntion  and  functions  to  those  formed  by  cUorinew  I  refier  the  reader  for 
examples  to  the  sections  on  Indigo  and  Anilina 


II.  Zotic  Badicals. 

The  adds  of  zotic  radicals  are  generally  produced  by  dissolving  certain 
organic  acids  in  fuming  nitric  acid,  or  in  a  mixture  of  nitric  add  and 
concentrated  s^phuric  add.  Tiie  reaction  may  be  represented  as 
£;>Uow8: — 
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Employed,  Produced. 
Benzoic  acid    .    .    H,CTI'0«  H,(7H*N0*. 
Nitric  add  .    .    .    H,N    O*  H,   H  O. 

l^amely,  an  atom  of  hydrated  benzoic  acid  and  an  atom  of  hydrated 
nitric  acid,  produce  an  atom  of  water  and  an  atom  of  hydrated  uitroben- 

zoic  acid. 

In  contemplating  tho  com}K)Situ)n  of  this  new  acid,  we  perceive  two 
n.iiuik.iblt^  j>t'CulLii  itie.s  : — In  the  first  place,  the  radical  iK'n/.yl  =  C7H*  is 
converted,  by  the  substitution  of  an  atom  of  nitrogen  for  an  atom  of 
lijdrogHu,  into  the  vice-radical  CTi*N,  or,  as  I  have  proposed  to  formu- 
late it  (page  04),  into  CR*Z ;  for  which  formula  die  systematic  name 
will  be  ntioienzi^  In  the  second  p1aoe»  we  perceive  that  the  add 
Soaaed  by  the  vioe-iadical  contains  two  atoms  more  of  ox}  gen  than  are 
contained  in  the  add  tinned  by  the  original  radical.  This  is  not  a  pro- 
perty belonging  to  tliis  individual  example,  but  Is  a  characteristic  of  all 
the  zotic  radicals  which  contain  carbon.  For  every  atom  of  nitrogen 
which  is  carried  into  any  radical,  in  substitution  for  an  atom  of  hydrogen, 
two  atoms  of  oxygen  arc  carried  into  the  salts  of  that  radical;  and  this 
is  contirmed  to  the  amount  of  three  atoms  of  nitrogen,  beyond  which 
nun)])er  substitntion  by  this  element  rarely  extends.  The  following  are 
tiierefore  the  proportions  and  general  limits  of  the  zotic  radicals : — 

Expelled  from  tJie 

origiaal  KaUicaU. 
Zotic  nidiciils  ....  H'. 
Zotenic  radially   .    ,    .  H*. 
Zotinic  mdicals    .    .    .  H*. 


Sabstitnted. 


In  two  respects  the  zotic  radiciils  differ  essentially  from  the  chloric 
radicals.  Tlu-  first  is,  tiiat  in  the  lattt^r  there  h  no  limitntion  to  the 
number  of  at  ims  of  chlorine  that  mn  replar*'  atoms  ot  h\  (h(>g;«'n  :  8ul> 
stitution  may  pn>a?ed  till  all  the  hydrogen  ot  i\ny  radical  is  re[)lac(:Hi  by 
ciiloriae.  The  second  point  of  dillerence  is,  that  the  salts  of  the  diloric 
radicals  contain  in  all  cases  the  same  quantity  of  oxygen  as  the  salts  of 
the  primary  radicals  fiom  which  they  are  formed. 

Tlie  drcomstance  that  every  atom  of  nitrogen  that  goes  mto  a  zotic 
radical  is  accompanied  in  its  transit  by  two  atoms  of  oxygen  has 
induced  many  chemists  to  condude,  that  the  actual  sahstitnte  for  each 
atom  of  hydrog^  which  nitric  a(  id  expels  from  a  radical  is  not  an  atom 
of  nitrogrn  -  N,  but  an  atom  of  peroxide  of  nitrogen  =  NO*,  and  this 
conclusion  has  induced  them  to  formulate  the  salts  of  the  zotic  radicals 
in  such  a  manner  as  to  show  that  two  atoms  of  oxygen  in  company  with 
each  atom  of  nitrogen  are  situated  in  the  body  of  the  componiKl  radical* 
Thus>- 
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This  symbol  affects  to  show  us,  that  there  is  in  this  soli  one  atom  of 
oxygen  that  is  equally  combined,  on  the  one  hand,  with  a  single  atom  of 
haaic  hydrogen,  and  on  the  Other  hand,  with  a  oompleK  add  radical. 
This  complex  acid  ladical  ia  itself  an  oxide  ooDtainiiig  one  atom  of  oxygen 
in  combination  with  a  nitzo-oonjugated  radical  =  C^^(NO')  -4-  O.  'Has 
nitro-oonjngated  radical  s  (TH^NO^  is  fbndamentallj  benzyl  = 
bnt  it  is  benzyl  wbicli  c(^ntains  peroxide  of  nitn^gen,  instead  of  <me 
atom  of  h\  (Irogon  =  C'H*  -f  NO*.  Here,  therefore,  we  have  oxygen 
represented  to  be  distributed  in  three  places,  combined  with  three 
difforcnt  degrocs  of  intensity,  to  the  radicals  of  the  salt — we  have,  con- 
s«:M|ur»ntly,  {issuniptions  upon  a'^^snmptions  three  deep,  which  can  be  jus- 
titiod  or  establishi^  by  no  eviilmce,  and  which  serve  no  useful  purpose. 

The  symbol  O  |  |  is  an  aflectaticn  of  knowledge — a  pre- 

tentious accuracy — in  a  matter  where  accurate  knowIcM^lge  is  unattain- 
able. It  serves  neither  to  register  nor  to  convey  knowledge,  for  it 
represents  nothing  but  a  speculation.  I  should  not  quarrel  with  it,  if  it 
were  confessedly  a  spectdation.  What  I  complain  of  is,  the  practice  too 
common  among  organic  chemists,  of  stating  such  specnlatiye  views  as 
if  they  represented  demonstrated  facts.  Unl3  we  leani  something  osrfom 
respecting  the  distribution  of  oxygen  between  the  posittye  and  negative 
radicals  of  a  salt,  the  honest,  modest,  pradent  course  for  us  to  follow  is, 
to  pot  the  oxygen  together,  and  frankly  confess  that  we  do  not  divide  it 
betwi>en  the  radicals,  because  we  do  not  know  how  to  do  so  with  the 
slightest  pretensions  to  acniracv  and  truth. 

Applving  this  notion  to  the  nitrobenzoic  add,  the  formula  becomes 
H.(7H*ZO, 

The  leading  pro])erties  of  tlie  salts  <a  the  zotic  radicals  are  a^  follow  : 
They  are  all  monobasic.  Th^v  havr  usually  a  yellow  colour.  Bitter, 
Commonly  decomposed  by  lieat,  so  Lhat  they  do  not  form  gases.  The 
decomposition  by  heat  is  generally  explosive.  It  is  possible,  therefore, 
that  the  nitrogen  wfaKh  they  contain  may  be  present  in  that  condensed 
condition  which  I  have  referred  to  in  the  article  on  Cyanyl  (page  loi). 


Fropionyl  < 

f  Hydrated  propionic  add. 
I  Hydra  ])r()pionvlete. 
(  Hydrati-d  nitropropionic  acid. 
\  Hydra  zotic-propionylote. 
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H,C?H»0  . 

V/  n  z« 

J1,U  ±1  Z»  U' 

(7H* 

H,C'H*0*  . 

<  C7H*Z 

H,(7H*Z0* 

H,(7H^Z*0« 

H,CIFO*  . 

I  OWL 

H,GWZO» 

(  Hydrated  phenk 
I  Hydra  phenylate. 
f  Hydrated  binitrophenic  add. 
\  Hydra  zotenio-phenylute. 
(  Hydrated  trinitrophenic 
(  Hydra  xotmic-pbenylexe. 

{Hydrated  benzoic  acid. 
Hydra  benzylete. 
{  Hydrated  nitrobeiuKuc  add. 
\  Hydra  zotic-benzylote. 
J  Hydrated  binitrobenzoic  add. 
( Hydra  zotemc-benzylase. 

(Hydrated  cinnamic  add 
Hydra  cinnamylete. 

iHydratcKi  nitrociimamic  add. 
Hydra  zotic-dnnaiuylote. 


it  should  be  imagined  tliat  I  lose  sight  of  the  diflBculties  that 
attend  the  managenient  of  the  zotic  railicals,  I  will  cite  a  couple  of  ver^' 
pr-r[)hxm^  examples  Irom  m  article  on  the  Benzoates,  written  by  Dr. 
H.  Kolbe.' 

Benzoate  of  oxide  of  phenyl  (benzophenid  of  Laurent  and  Ger* 
hardt)  (C'«H»)0,C'*H»0'."— iTo/Je. 

According  to  my  notation  this  compound  ia  CTI*,(7H*0*,  name  phe- 
nyia  benzylete. 

"  Benzoiit<?  of  oxide  of  binitroplienyL  (Binitrobenzophenid  of  Laurent 
and  Gerhard t.) 

According  to  this  formula,  three-fourths  of  the  oxygen  of  the  salt  is 
combined  with  the  basic  radical  and  one-fourth  with  tbo  nrid  rndical. 
According  to  my  notation,  the  synoptical  formula  ia  C*U'Z%C7H^,  and 
tb*'  svstematic  name  is  zotenic-ph<^nyla  benzylaze. 

Benzoate  of  oxide  of  tnnitropbenyl.  (Trinitrobenzophenid  of  Laa- 
t&it  and  Gerhacdu) 


^  Supplemente  zum  Handwbrterbocbe  der  Cbemie  (185a),  p.  503. 
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Aoonrdhig  to  this  formula,  thirteen-eixteeiidifl  of  the  oxygen  of  the 
salt  is  combined  with  the  basic  radical,  and  only  three^xteenths  with 

the  acid  radii  Aooordixig  to  my  notation,  the  synoptical  formula  is 
Q$^iyji  (yili(y^  and  tlie  systematic  name  is  zotinic-phenyJa  benzylize. 

If  1  wanted  to  make  analytical  formulse  for  the  last  two  com|xmnds, 
I  should  reason  in  this  way :  The  analytical  formula  of  the  ])h»'nic  acid 
is  H,r*H*0,  and  that  of  the  Ix-nzoic  acid  is  HCCT^IPO.  If  the  basic  H 
in  tile  last  formula  is  replaccil  by  phe!ivl,  we  have  the  salt  CH*0, 
CH*0,  as  exhibited  in  tlie  first  of  the  al  '<  iVr  throe  examples. 

If  the  replacing  mdiail  is  zotenic-ph^nyla  =  CH'Z*,  the  resulting 
salt  mast  acD^unt  fur  the  four  atoms  of  oxygen  which  always  accompany 
Z%  when  acting  as  substitute  for  H*,  and  we  have  consequently  the 
analytical  ionnala  CfH"Z'(^,(?HH).  The  O*  condsts  of  the  O*  belonging 
to  tile  original  phenylate,  and  the  0*  brought  into  the  coni|K>und  by 
theZ*. 

In  like  numner,  the  vice-radical  l>ti"J6'  fnirea  rise  to  a  oomponnd 
which  reqoires  the  analytical  formula  (rH«Z«(y,(7IP0. 

The  inspection  g£  these  analytical  formulae  gives  rise  to  an  important 
question.  Can  the  oxidise<l  radical  (7}IK>  i  t  a-;  an  acid  radical  against 
snch  oxidised  radicals  as  eiPZ*0*  and  C*H«Z^  taken  as  basic  nidi(  als  ? 
Is  such  an  action  certnin — is  it  possible — probable — plausible?  No! 
certainly  not.  It  would  be  just  as  extravagant  to  assume  that,  in  sul- 
phate of  j)otash,  SO^  acted  as  a  base  against  KO  as  an  acid.  But  what 
opinion  ought  we  to  form  of  these  salts? 

The  salts  in  question  arc  produced  by  the  action  of  chloride  of  benz^'l 
(CH^CIO)  n\)on  binitrophenic  acid  =  H,CH''Z*0*  and  trinitrttphenic 
acid  =  H,CH'Z'(y.  But  the  action  which  takes  place  is  such  as  throws 
the  benzyl  out  of  the  ododition  of  a  basic  radical  Into  the  condition  of  an 
acid  radical,  becanse  the  salts  finally  produced  contain  resjiectively  six 
and  eight  atoms  of  oxyg^,  whereas  if  phenyl  were  the  add  radical,  the 
atoms  of  oxyg^  in  the  salts  wonld  be  respectively  five  and  seven.  I 
think  therefore  that  in  the  formation  of  these  salts,  the  nitrogen  posses 
from  the  phenyl  radicals  into  the  benzyl  radicals,  and  that  the  final  pro- 
ducts of  the  two  processes  are  as  follows : — 

CTPO,(7H*2W  s  CfH*,<7HPZW  =  Phenyla  zotenio-benzylaze. 
C*H*0,(7H*ZV  =  CTi».<7ffZHy  «  Phenyla  lotinic-benzylize. 

The  salts  fomied  by  zotic  radicals  are  all  mon<J  <is'ic,  bocanse  there  is 
pres«'nt  in  each  of  tliciu  only  one  acid  radkxii)  wimtever  may  be  the 
quantity  of  azote  they  contam. 

m.  Sulphic  lladicals. 

The  salts  that  contain  the  sulphic  radicals  are  produced  by  subjecting 
oiganic  adds  to  the  action  of  aohydrous  sulphuric  acid,  or  of  oil  <^ 


uiyiii^ed  by  Google 


METALLIO  VIPfrBAIHCATA 


137 


TitrioL  Each  snlphic  radical  consists  of  one  atom  of  an  oi^ganic  negative 
radical  mtmit  one  atom  of  hydrogen  plus  one  afeom  of  sulphur;  and  in 
its  salts  there  ia  always  preaent  one  atom  more  of  ox)  gen  than  belongs 
to  salts  of  the  same  oiganic  radical  in  its  nofmal  state.  The  productioii 
of  these  snlphic  sadicab  majr  be  explained  as  fiiUows.  I  use  the  radical 
henzjrl  as  an  example 

a,  Reaction  tdtm  NydraUd  Suiphmio  Add  is  toed, 

%drated  benzoic  add   .  B^CfEKF)  (H,(m«SO^. 
^dntedsolphmicadd.  H,SO^    |  {(H.BOsetJne.) 

6.  Meaotion  vihm  Aniydr(m  8u^ 

Hydiated  benzoic  acid   .jHicHwl  »  i  HicTHW. 
Anhydrous  snlphnric  add  S,SO^     J       ( (H,HO  see/rw.) 

As  an  atom  of  \vater  is  thrown  off'  in  oacli  case,  the  proportions  of  the 
acting  ingredients  are  regulated  by  that  contingency. 

But  the  snlphic  iwlicals,  thus  produced,  never  give  monobasic  salts 
agreeing  witli  the  formula  H,(7H^S0*.  Formed,  as  they  are,  in  the 
presence  of  an  excess  of  sulphuric  acid,  they  always  combine  with  an 
atom  of  diat  add,  and  prodnce  a  double  salt  of  the  fonnula : 

This  ibrmuh  represents  iJie  structure  of  all  the  salts  that  contain  solphic 
radicals.  As  exhibited  the  analytical  formula*  they  are  double  salts ; 
as  exhibited  by  the  synoptical  formula  they  are  bibasic  saHs;  and  as 
respects  thdr  nomenclature,  we  have  the  choice  of  naming  them  in 
accordance  with  either  of  these  formuls*  I  shall  give  no  examples  of 
such  salts  in  this  section ;  because  the  sulphic  radicals  will  again  come 
imder  our  consideration  in  the  discussioQ  of  the  Oonstitntion  of  Con- 
jugated Adda  and  elsewhere. 

IV.  Metallic  Yice-Badicals* 

There  are  two  kinds  of  metallic  vice-radicals : — ist.  Amidogen  -  ZH*, 
and  ammonium  ZH*,  are  subject  to  exchange  part,  or  the  whole,  of  their 
hvdrogen  for  mrtals,  and  thus  prfxIncG  compound  basic  radicals  whi^h 
mav  be  call  1  n^'talUc  vicc-amiilogt  ii'^  and  metallic  vice-ammomuiiis. 
These  will  come  undor  cnir  consideration  in  a  subse(iii»'nt  section. 

zndlv.  Many  l>;\sic  com]X)and  radicals  of  the  hydrocarbon  series  ex- 
change i)art  of  their  hydiogen  lor  metals,  and  thus  produce  compound 
radicals-^etaUic  vice-nidicals->*of  a  spedal  character.  These  are  at 
present  scnoely  recognised  by  chemistSy  but  in  subsequent  sections  of 
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this  Essaj*  I  trust  to  be  able  to  satufy  the  reader  that  thej  actnallj 
eidst  In  the  meantime^  I  shaU  quote  a  single  example,  in  oraer  to  ei- 
plain  the  proposed  nomenclatore  of  theae  metallic  vioe-radicals. 

GH*Ba  represents  methyl  in  which  an  atom  of  hydrogen  is  replaced 
by  an  atom  of  bariom.   The  name  proposed  for  it  is  5aryt»>mst%2o. 

The  Phosphates. 

The  following  (iiagrain  exliibite  tlie  constitution  of  the  ])hosphates: 

Graham's  Formulae.*  Fkopoted  Foimul«.* 

Na  I.  KO,PO»  e  KPO*. 

2.  KO,KOJ>()»  =  KPO'  +  KVo'  K*P«(y. 

3.  KO.KU.KU,JPO»  =  ikFO»  +  KKU    =  K-FO*. 

Now  t  in  this  Table  is  the  metaphosphate  or  monobasic  phosphate. 

No.  2  is  the  pyrophos])hate  or  bibasic  phosphate.  No.  3  is  the  ordioaiy 
<3it  tribasic  phosphate.  Tiie  second  coinmn  represents  the  foimnke  whidi 
I  am  inclined  to  give  to  these  salts. 

According  to  this  view,  the  motiphosphate  is  the  normal  phosphate 
rx)ntiiining  one  basic  mdical  and  one  acid  radical,  both  oxiMisf-d 
=  KO,POO.    The  t^^rbasic  phospl)at/>  is  a  compound  of  tlie  normal 
phosphate  =  KO,rOO,  witli  a  dioxide,  or  salt  on  the  modi  1  of  wat^r 
=  H,HO,  or  M,MO,  or  M,HO ;  produang  the  foUowuig  double 

Analytical  Formylft.    Sjnoptical  Fonnohe. 
MPO"  +  HHO  =  MHH,  P0». 
MPO^  +  MHO  a  HlIH,FO«. 
MPO^  +  HMD  s  MMM,PO*. 

The  s)  nojttical  formnLT  describe  the  tprbasic  phosphate  as  if  it  wore 
rt^ailv  a  lerlwLsic  salt,  namelv,  a  salt  in  itiudi  one  acid  radical  is  amJnned 
directly  with  three  basic  radiuxds,  I  do  not  admit  the  truth  ol  lhat  theory. 
On  the  contraiy,  I  consider  the  constitution  of  the  terbasic  phosphate  to 
be  represented  bgr  tiie  analytical  ftrmnk : — 

KO,rOO  +  K,KO. 

It  is,  namely,  a  dbv5b  sdty  the  two  components  of  whidi  have  each  its 
basic  and  its  acid  radical.  WIk  n  wc  transpose  this  analytical  fomrala 
into  the  synoptical  formula  K*PO*,  we  no  loi^;er  express  the  true 
chemical  constitntion  of  the  salt,  but  we  obtain  «  £>rroula  that  is  useful 

in  pxplaining  those  cases  of  double  decomposition  in  which  the  phos- 
phates bear  a  part.   I  have  already  said,  and  I  repeat  it,  that,  in  the 


>K  ^39;  P  s  31;  0=s  8.      •  K  «  39;  p  =  3X ;  O  =  id. 
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present  state  of  chemical  knowlodpo,  a  dc-ar  inction  should  be  made 
between  our  Cfmjecturefi  TPSjM^tliv^  the  j>roximate  cou^stitution  of  salts 
and  our  mechanical  (x>nstruction  ul  chemical  turmulae  to  bo  d  in  the 
regtsfry  and  communication  of  our  cxjxirience.  We  have  knowledge 
enough  of  the  ti'anstunnations  wiiich  the  phosphates  undergo,  to  be  able 
to  construct  formula  that  can  accurately  represent  and  record  tliose 
transfinmatioiia ;  but  of  the  infeernal  oonstitatkm  of  the  phosphates  we 
now  futhmg.  Our  aaalyses  prove  that  in  terbosic  phoepbate  of  potash^ 
we  have  potaaaiiiin,  phosphorus*  and  o^gen.  Using  Mr.  Graham's 
atemiic  weighta,  the  atoms  are  K*P'0^.  Using  the  atomic  weights  that 
are  advocated  In  this  Essay,  the  atoms  are  K'P'O'.  Of  the  manner  in 
which  the  oxygen  is  distributed  among  the  other  elements,  and  in  which 
it  ia  combined  with  them,  we  know  absolutely  nothing.  Mr.  Graham's 
groupment  of  the  elements  into  KO,KO,KO,PO*,  and  my  groupment  of 
them  into  K0,1'00 -|- K,KO,  are  both  conjectures:  nothing  more!  It 
is  cnn^p<^uently  impossible  to  give  an  incontestable,  rational  tbrmula  for 
the  phos|>hates,  and  therefore  I  conclude  it  to  be  best  to  give  such  a 
formula  as  is  likely  to  l^e  most  useftil  in  practice,  and,  as  regards  the 
proximate  constitution  of  the  salt,  to  hold  my  mind  at  liberty  to  form 
opinions  a>  analogiei  and  the  liglit  of  circumstantial  evidence  ma}'  direct. 
I  give  therefore  to  the  terbasic  phosphates  a  terbasic  formula,  but  I  bo- 
lim  that  the  terbasic  phcephates  are  double  salts  compoeed  of  two 
simple  monobasic  salts,  and  agreeing  therefote  with  the  doctrine  which  I 
am  attempting  to  establish,  that  every  simile  salt  is  a  binary  oompound 
of  t^vo  radicals. 

The  pyrophosphate  sr  r  nis  to  he  a  com])ound  of  the  other  two  pho^ 
piiatea,  atom  to  atom.  Thus :  KPO*  -f-  K*PO^.  There  appear  also  to 
be  other  combinations  of  metaphosphatcs  with  terljasic  phosphates,  in 
proportioDs  di£fering  £rom  those  that  oonstit«te  the  pyrophosphate;  such 

4(AePO»)  -f  AgAgO  =  AcrT»(y  +  2AgP0*. 
^fAJXf")  +  AgAgO  =  Ag*P*0'  4-  AgPO». 
io(AgPO')  -I-  AgAgO  =  Ag*PHy  +  8AgP0». 

If  the  pyrophosphates  are  fbrmnlated  synoptically  as  K^F*0^,  they  are 
made  to  appev  as  tetmbasic  salts,  whicu  notion  may,  far  the  reasons 
which  I  have  just  given,  be  accepted  for  its  mechanical  conv^Hiience,  but 
ia  not  to  be  considered  as  expressing  a  chemical  f  i  t.  The  proximate 
constitution  of  the  pyrophosphates,  hke  that  of  the  terbasic  phosphates, 
is  absolutely  unknown.  My  vpmhn  of  it  is  ezpfeased  by  the  following 
analyticai  £iNrmula:** 

(K0,P00  -f  K,KO)  +  K0,P00. 

The  transfennation  and  redaction  of  this  analytical  formula  to  the  synop- 
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tical  formula  K^P'Cy,  is  simply  with  a  view  to  practical  or  mechanical 
utility. 

The  basylic  equivalents  given  in  this  Essay  greatly  simplify  the  for- 
mulae of  the  phospliates  of  the  .compounds  which  are  commonly  called 
8ejiC£uioxide.s.    Thus  :— 


Instead  of 

Al*o^3Po^ 

Fe*0*,3P0». 
Cr*0»,3PO». 
2CrK)»,3PO*. 


We  have 
AlcSO". 
FecPO*. 
CrcPO*. 

CrcPO"  +  Crc»PO*. 


By  adoptang  a  proper  atomic  weight  fer  the  basylic  radical  of  every  ses* 
quioxide,  we  are  freed  from  the  necessity  of  making  their  salts  trijilo.  In 
fact,  three  at<^Tns  of  phosphoric  acid  were  rw|uirod  in  such  stilts  merely 
Ivccause  chemists  took  tliree  atoms  ofba.se,  inst4?ad  of  one  atom,  to  com- 
jxise  each  salt,  and  ))}•  a  perverse  ingenuity  made  tlie  three  atoms  ap[j<?ar 
to  onlv  one  atom,  and  that  one  atom  of  such  a  kind  that  three  atoms 
of  acid  Were  necessarv  to  nentralise  it 

According  to  the  Uieon  w  incii  1  have  endeavoured  to  explain  in  this 
Essay,  there  is  but  one  kind  of  phosphoric  acid^  and  that  is  monobasic. 
The  normal  phosphate  is  ihe  tnetaphoapfaate,  wbich  is  oomposed  of  one 
banc  radical  and  one  add  ladicaL  The  terbasio  phosphate  is  a  conibiDa> 
tion  of  the  normal  phosphate  with  a  sidt  of  the  fennula  M,MO,  and  the 
bibasic  phosphate  is  a  compound  of  the  monobasic  with  the  terbasic 
phosphates.  AU  other  phosphates  c  nit  iin  these  three  varieties  varioofilj 
combined ;  or  with  the  addition  of  xHHO,  xMHO,  or  arMMO. 

I  insist  upon  this  method  of  accounting  for  the  composition  of  the 
thrr-e  classes  of  phosphates,  because  it  is  the  only  reasonable  manner  of 
replying  to  these  objections  to  the  binary  theory  of  salts  which 
M.  Diimas  founded  expressly  U])on  the  constitution  of  the  phosphates. 
See  page  20  of  this  work.  The  ])ri •|josiLioiis  that  tlu  i'ietai)iiosi)hates 
are  M,PO*,  that  the  trihasic  ])hosphate5  are  M,PCP  -f  MMO;  and  that 
the  pyrophosphates  are  M.PO*  4-  M*PO*,  are  so  much  in  accordance 
with  our  knowledge  of  numerous  double  salts  of  similar  constitution, 
that  we  can  admit  the  theoiy  without  much  hesitatioD.  Bvtt  tiie  case  is 
entixely  different  when  we  mnnnlate  the  phosphates  expressly  as  mono- 
basic, bibasic,  and  tribosic  salts,  thns: — 

M,PO*      =  HK^nobasic 
MM'^O'    =  bibasia 
M",PO*     =  tribasic 

Acooiding  to  this  diagram,  taking  the  phosphorus  and  oxygen  to* 
gether,  we  have  before  us  three  totally  different  kinds  of  |jhosj)]iate3, 
those  with  PO",  PK/,  and  PO^,  and  we  have  no  longor  £or  adoptioa  the 
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simple  case  where  one  and  the  some  add  ndical  oombineB  with  different 
quantities  of  the  same  tiasic  radical.   Then  again^  we  have  to  consider 

die  probability  of  the  ooeurraioe  of  sach  combinations  Ix  tweon  nidicals 
as  those  which  are  represented  in  the  diagram  by  (M  M  -f-  M  -|-  M) 
+  (P  4-  P)  and  (M  +  M  -h  M)  -h  P.  A  glance  at  the  numerous  for- 

mnl.T-  of  c:a*?eons  salts  wliich  appear  in  the  preceding  pages  >\'ill  show 
the  t'xtrcnie  unlikelihood  of  the  formation  of  such  com|X)unds  as  these, 
and  will  suggest  the  almast  miavoidable  conclusion,  that  [iliosnlioric  acid 
is  neither  bibasic  nor  tribasic,  but  only  subject  to  fi)rm  tli^-^-  jH-culiar 
(l(iuble  salts,  that  SEEM  to  Ix?  bilHisic  aud  tribasdc  while  coubidered  as 
comiK»und»  of  fictitious  acids  and  bases. 

When  monobasic  phosphoric  acid  is  boiled  in  water,  it  is  convt  rt<xl 
into  trifaastc  add,  witfaont  passing  through  the  intermediate  stage  of 
bibasic  add.  That  mspetimmt  cannot  be  ezpUuned  on  the  add  theory, 
bat  it  agrees  perfectly  with  the  radical  theory.  Hie  tribadc  add  is  the 
result  <^  the  direct  combination  of  the  mcmobaaic  add  with  water,  atom 
to  atom,  HPO*  +  HHO.  The  bibasic  acid  is  a  secondary  compound 
that  demands  the  ])revious  formation  of  the  tribasic  acid,  for  it  cannot 
be  made  by  the  direct  combination  of  the  monobasic  ncid  with  water, 
because  it  is  physically  impossible  to  hen]  HPO*  -}-  HPO*  in  HHO,  and 
Vfht  u  more  HHO  is  uised  you  produce  the  tribasic  acid.  This  reaf^tiofi  is 
com>equeDtiy  in  favour  of  the  view  that  I  am  advocating  of  the  constitu- 
tion of  the  phf^phates. 

In  conclusion,  1  admit  the  varieties  of  phos})hates  to  be  as  follows ; — 

AnAljtioBl  FormnUa.  •  Synoptical  Formal*. 


Monobasic,  or 
metaphosphate 

Bibasic,  or  pyro- 
phosphate 

Tribasic,  or  com- 
mon phosphate  J 


KPO»  +  KPO»,KKO  =  K*PHy 
KPO»  +  KKO         =  K'^PO* 


The  Nomenclature  of  the  phosphates  has  proved  to  be  difficult  upon 
every  the<>rv  that  has  been  applif^  to  them.  Comprehending  many 
b;is<'.s,  atul  in  diversities  of  nunilKT,  fho  salts  require  names  that  are 
niH-essariiy  long,  and  for  that  reiusoii  subject  t<^  be  uncouth.  No  sys- 
ti  inatie  nomimclature  can  give  short  names  to  double,  triple,  and 
f|uadruj>le  salts,  without  abridgments  that  must  inUoducv  ainbiguity 
with  brevity.  The  nomenclature  now  projx>sed  is  lully  equal  to  the 
eiact  expression  of  the  composition  indicated  by  the  symbols  of  the  dif- 
iereot  pboi^ihalea,  but  it  does  not  escape  the  evils  of  length  and  com- 
gfe^r  to  which  all  syafeematic  names  of  the  phosphates  orast  ever  be 

The  add  radicals  and  the  oxygen  of  the  three  daaaes  of  phosphates 
will  in  all  cases  be  indicated  thus: — 
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Monobasic,  or  metaphosphates  by  PO*  =  Phosphite. 
Trihasic,  or  common  phosphates  by  PO*  =  Phosphote. 
Bibatuc,  or  pyrophosphates       by  PH>'  =  Phospbeoeze. 

The  sabstantive  portion  of  the  names  is  theiefofe  simple.  Tiie  diflknl^ 
lies  in  the  adjective  porti(m  of  the  name,  which  must  nominate  all  the 
basic  radicals  that  are  present  in  eacb  salt 

Examples  of  Phospha.tb& 

CommoiiFoimala*     Fhipoaed  Famiila.  Pvoposad  NMMk 

a.  MUapJmpJiaies* 

NaO,PO*  ....  NaPO*  .  .  .  Natra  phosphite. 

AgO,PO*  ....  AgPC  .  .  .  Argenta  phosphite. 

Al'a»,3PO^   .    .    .  iVlcPO*  .  .  .  Alaoic  phosphite. 

Cr'a\3P0'   .    .    .  CrcPO^  .  .  .  CSuomic  phosphite. 

b.  IHbask  Phot^phaies, 

3K0,P0*.   .   .   .  KTO  .   .   .  Potassine  fOiosphote. 
2K0,H0,P0*    •   .  K^,PO*   .   .  Potassen  hydro  phosphote. 
K0,2H0,P0»    .   .  KIP,PO*   .   .  Potassa  hydren  phosphote. 
3NaO,  PO*  4-  laAq  Na'PO*  +  Aq*  Natrine  phosphote  aqtiaie. 
3AgO,PO*    .   .   .  AgfPO'.    .   .  Aigentine  phosphote. 
NH'O.NaCHO.PO*  Na,NH«,H,PO'  Natra  ammona  hydra  phosphote, 

4-  8Aq.  -f*  Aq\  aquote. 

aH0,OH*0,P0^.  .  CTI»,H«;  PO* .  Ethyla  hydren  phosphote. 
H0,2C*HX),P0».  .  (CTP)/H ;  PO*  Ethylen  hydra  phosphote. 
3C*H^.P0*  .   .   .  ((?fl»)'PO*    .  Ethyline  phosphote. 

c.  Fyrcphosphates, 

aC*HH),PO»  .  •  .  (COT)*PW  .  Ethylone  phospheneae. 
2K0,P0* ....  E*P\y  .  .  .  Potassone  phospheneze. 
2Gr^,3P0^  .   .   .  Crc*PHy    .   .  Cromonic  phosphenece. 

The  above  names  give  a  neccssiirv,  and  a  very  unfavourable,  example 
the  a])plicati()n  of  the  projKised  nomenclature  to  connnmnd  sjilts.  The 
critic  will  instantly  jKTeeive  that  microcosmic  salt"  is  a  nmch  short^T 
Umn  than  *'  natra  ammona  liydra  phos])hote  a(|U()te  ;  and  that  "  ordinarv 
phosphate  of  soda"  (Gnielin's  name)  is  far  e-asier  than  natrine  phos- 
phote acjuaze bat  then,  the  short  and  easy  names  do  not  express  tiie 
GODStitution  of  the  cooipoonds,  and  in  r^;ani  to  mich  complex  substances 
it  will  perhaps  be  ever  impossible  to  find  words  that  will  accurately 
state  their  composition,  and  yet  be  short  and  easy.  Any  systematic 
nomenclature  must  be  judged  of  by  its  general  appUcabilily  and  not  by 
its  ^ure  in  a  few  special  and  non-important  instances. 
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The  Phosphites. 

Aoooidiiig  to  the  researcheB  of  Bailton*  and  WiUiamsciii,*  a  phosphite 
wpinB  the  foDowing  fimmila^ 

M.M,M;  P0», 

GompariDg  this  oonatitatum  with  that  of  a  metaphosphate  ^  MPO*«  we 
observe  the  strikmg  peculiarity,  that  with  the  same  add  ladical  and  1^ 
«Mne  amoant  of  oxygen  in  each  salt,  we  have  in  the  metaphosphate  one 
hasie  YadicaU  and  in  the  phosphite  three  basic  radicals.  At  first  sights 
soch  a  result  appears  improbable ;  but  a  little  investigation  removes  the 
apparent  difficulty.   The  constitation  of  the  metaphosphate  ia 

MO  +  POO. 

That  of  the  phosphite  is — 

MO,PO  4-  M,MO. 

Niroely,  it  is  a  doable  salt,  where  MO,PO  a:  MPO*  is  of  the  some  form 
of  constitution  as  the  oxalates  and  solphates,  and  M,MO  of  the  same 
constitution  as  water  HJIO.  Those  two  salts  combine  to  form  terbasic 
pbospliite,  just  as  MPO*  and  MMO  combine  to  £>im  a  terbasic  phos- 
phate. But  the  normal  salt  MPO*  is  unknown. 
The  foUowing  are  eiampilfis  of  phosphites : — 

Ba,C*H*,(?H*;  PC*  Baiyta  ethylen  phosphite. 

Ba,Ba,C*H';  P0»  Baryten  ethyk  phosphite. 

Ba,Ba,H ;  PO^  Baryten  hydra  phosphite. 

eH",C?IP»,0»H";  P0»  Amyline  phosphite. 

C»H»,C"ff ;  PC  Ethyline  phosphite. 

FIhGV,H;  PO^  Plumba  ethyla  hydra  phoroblte. 

Ba,C*H»,H ;  PO^  Baryta  ethyla  hydra  phosphite. 

Sn|Sn,H ;  PO^  Stenous  hydra  phosphite. 

No  inorganic  normal  j)hosphite  contains  throe  atoms  of  metal.  Thoy 
have  all  two  atoms  of  m»'t;il  and  one  atom  of  liydrogen.  Rose  considers 
to  lie  bibasic,  Imt  always  containing  water  of  cystailiAition ;  and 
Wuriz  lias  attempt<;d  to  prove  that  they  are  bibasic,  with  a  compound 
acid  radical  consisting  of  PH.  That  theory  seemed  to  be  prolxible  when 
we  ju  i^t  d  from  the  composition  of  the  mineral  phosphites,  in  all  of  wfaicfa 
we  find     ;  bat  Railton*s  discovery  of  the  salts — 

Ba,<?H*,C"H»;  P0». 

Ba,Ba,C"H*;  P0». 

C?IP,(?H*,C?H*j  P0». 

*  Quar  >  rly  Journal  of  the  Chemical  Society  (1854),  VIL  2l6* 

•  Proo&Hiings  of  the  Koyal  Societ}'  (1854),  Vn.  131. 
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seems  to  overtnm  Wurtz's  theory.  Yet  it  is  renuurbible  that  Bailton 
tried  in  vain  to  produce  the  salt — 

Ba,Ba,Ba;  P0», 

and  that  in  those  cases  of  inorganic  Iwsic  salts,  where  thei«  is  present  a 
gr«at  excess  of  metal,  there  is  also  always  present  as  much  hydrogen  or 
water  as  gives  at  least  possibility  to  the  liieoiy  of  the  presence  of  the 
compound  radical  PH  in  all  inoiganic  phosphites. 


The  Hypophosphites. 

The  composition  of  the  hypoi)hospbites  is  uncertain.  Many  of  the 
inoigauic  hypophospiiites  seem  to  be-— 

MPO  -f  H.HO 
equal  to  M,H,H ;  PO^. 

But  thoy  cannot  Ije  deprived  of  this  hydrogen  or  wator,  and  the  normal 
s;ilt  =  MPO  is  unknown.  Wiirtz  sutrrrostcd  thut  thcv  contain  a 
compound  acid  nuUcal  s  PU%  and  that  the  proper  formulae  of  the  salts 
is — 

M,PiPO". 

On  the  other  hand,  Kane  has  pointed  out  the  existence  of  a  salt  contain- 
ing hjpophosphite  of  barytes  and  acetone,  equal  to 

Ba,CH",C*lP ;  PO*  =  Baryta  metiiyla  acetyla  phosphete. 

and  a  similar  salt  oontaininc^  soda— 

Na,CH*,ClP;  PO"  =  jSatra  methyla  aoetyla  phosphete. 

If,  on  this  gRNtnd,  we  admit  the  hypophosphites  to  be  tribssic»  we  have 
still  the  difficulty  of  accounting  for  the  dicmnstanoe  that  the  three  basic 
radicals  of  the  ind^psnic  sslts  are  always  MHH,  and  never  MMM. 


The  Sulphates. 

According  to  the  radical  theoiy,  the  composition  of  hydrated  sul- 
phuric acid  is  as  follows : — 

Anolytaod  Foiiirala,  Synoptietl  Fommk. 

HO,SO.  HSO* 

Where  H  =  i,  S  =^  i6,  O  =  i6. 
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to  IL  Gkrbttdt,  mA- 
pboric  acid  i»  composed  thoa:* 


SO* 
H» 


According  to  PtofeBSor  Wil- 
liamsoDf  stuphuric  add  is  com- 
posed tiras:^ 

where  H  =5  i,  S  =  3a,  O  «  16. 

According  to  the  radical  theory,  sulphuric  acid  is  monobasic,  that  is 
to  f^iv,  It  contains  one  atom  of  iiydrogen  replaceable  by  a  mefcil.  Ac- 
oortiuig  to  Messrs.  Gerhardt  and  Wiliijimson,  sulphuric  acid  is  biV>asic 
that  is  to  say,  it  contaiiiii  two  atoms  of  hvdnuTen  which  are  \M)th  or 
either  n-placeable  by  metals.  The  coiii[«jund  which  on  the  thw)rv  of 
GerhaiiU  and  Williamson  is  a  single  hilxxdc  sulphate^  is,  00  the  radical 
theory,  a  double  salt  composed  of  two  monobasic  stdpliates.  These 
tiieories  sue  conseqiiently  antagoiuttic.  I  bdieve  that  the  radical  theory 
is  tbe  troe  one,  and  I  sfaaU  eiSsAFQiir  to  show  that  the  atgoments  hy 
which  the  bibasic  theory  is  adirocstBd  are  sach  as  caaoot  command  our 
assent 

M.  Gerhaidt's  JM  and  mam  argwnni*  depends  upon  the  atomic 
mcaanroi  of  the  gaseous  sulphates.  He  points  out  that  when  you  ex- 
amine a  geseoos  salt»  of  a  kiad  that  is  admitted  to  be  monobasic,  such 

as  an  acetate  or  a  benzoate,  you  find  that  two  volumes  of  it  contain  one 
basic  radical,  but  that  wlu  n  vou  examine  a  gaseous  sulphate,  you  find 
that  two  volumes  of  ir  outaiu  two  basic  ladicab;  wheiMse  he  infers,  that 
iiuiphuric  acid  is  bibasic. 

Tliis  argument  Ls  wortliloss,  bc<ause  it  leas  es  out  of  coiisideration  the 
fact,  tliat  th<3  nuiiail  sulphur  in  the  gaseous  sulpliates  measures  nothing. 
The  ooDiiequcnce  of  Lliat  property  is,  that  a  g^.is(X)us  sulphate  is  complete 
in  one  vohime,  and  that  if  you  examine  two  volumes  of  the  gas,  you 
find  tvpo  basic  isdicals  because  yoa  operate  upon  two  complete  sdphates. 
This  attempt  to  prove  that  snljKistes  aie  bibssie  is  cooseqnsntly 
sborti¥e»  Z 

M.  Gerhaidt^s  moond  mpmmt  depends  upon  the  ptoperties  of  the 
^ttes  that  contain  chloraie  with  sulphur.  Thus  he  pointe  out  that— 


f  Chloride  of  acetyle  contain  Cl,CH'0. 
(  Chloride  of  sulphuryle  contain  C1*,S0*. 


From  which,  as  before,  he  concludes  that  sulphur  is  bibasic,  and  acetyle 

monobasic.  But  this  argimient  rests  on  no  better  foundation  than  the 
former.  Tlie  oxvcliloride  of  sulphur  (chlorosul[)huric  acjd)  S< '10,  or 
OSO,  is  complete  in  one  volume,  because  S  and  O  measure  nothing ; 

'  Traits  de  Cfaimie  Organique  (1856),  tom.  iv.  p.  642. 

*  Quarterly  Jomnsl  of  the  Ghemicsl  Society  (1854),  YIL  i8a. 

*  Vide  the  Tmiti  de  CSihoie  slready  cited. 
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and  In  two  ▼olonusB  of  vapour  yoa  liave  two  complete  ailte,  and  there- 
foro  tiro  radicals  of  each  kind.  This  and  the  preceding  argument  have 
been  so  Miy  discuaaed  at  pages  98,  loa*  and  1x3,  that  iorSiar  crtticiam 

is  needless. 

J%ird  argument. — "  Whereas  monobasic  acids  give  but  one  compound 
ether,  sulphuric  acid  pivof?  t\vo,  one  nontm!  and  one  acid.  Whereas 
monobasic  acid^  c;ive  hut  one  arnido,  sulphuric  acid  rrivps  soveral." 

My  reply  to  this  argument  i?^,  that  the  coiii|k mni Is  ni  (jih  stion  depend 
upon  the  property  which  sulphur  po.Siieiic>t  s  oi'  lonuing  uuincrons  com- 
pound salts,  not  only  double,  but  triple,  fourfold,  fivt^fold,  and  viirieties 
.still  more  complex.  The  property  of  producing  conip<ound  salts  is  quite 
a  different  thing  from  the  property  of  hibasicUyi  meaning  by  the  latter 
tenn  the  power  poaaeaaed  by  cm  aaid  radioed  of  combining  with  two 
bath  radioab.  This  ia  the  property  whidi«  in  my  opinion,  doea  not 
belong  to  acdphnric  add;  and  no  mere  ennmefation  or  the  ethera*  the 
amidea^  and  other  double  aalts,  which  atdphnric  add  nnqneelaonably  does 
form,  can  aieot  the  point  at  issue,  which  stated  in  p&n  terms,  is  the 
assertion  that  two  bcisic  radicals  can  combine  with  one  a/tom  of  oxidwtd 
sulphur  to  form  a  sulphate.  This  is  the  point  that  I  deny,  and  M.  Ger- 
haidt  only  evades  the  real  question,  when  he  doubles  the  atomic  weight 
of  sulphur,  and  when  hn  adduces  doiiVilp  s^qlts,  namelv,  pairs  of  sulphates, 
containing  ethyl,  anitdogen,  and  other  baties,  to  prove  that  one  sulphate 
contains  two  basic  radicals. 

Fourth  arguimnt. — '*  If  we  determine  what  are  the  sinallt'st  jxjs.sible 
quantities  of  the  radical  acetyl  and  the  nulical  sulphur)  i  wiiich  occasion 
chemical  metamorphoses,  we  find  that  these  radicals  are  CTPO  equi- 
valent to  H,  and  SO*  equivalent  to  H*.  This  naturally  leads  us  to 
renreaeDt  the  mokcule  of  acetic  add  as  mma^tomh^  and  the  molecnie  of 
suphniic  add  as  lMcimk**^'Ttti\A,  iv.  p.  643. 

M/madiomc^  in  Gerfaardt*s  knguage,  signifies  derived  fiom  one  atom  * 
of  water;"  nid  hkAmk  signifies  **  derived  fion  two  atoms  of  water." 
The  Ibnner  has  oneSplacable  atom  of  basic  hydrogen,  the  ktter  lias 
two  such  atoms.  The  sulphuryl "  referred  to  in  this  argument  as  SO' 
=  H",  contains  33  parts  of  sulphur,  and  is  therefore  what  I  should  call 
SO  X  2.  It  ia  equivalent  to  H*  simply  because  it  contains  S*.  The 
oxygon  !ia<^  nothing  to  do  with  the  question  of  l  asicity.  Here  M.  Ger- 
hiirdt  tir.st  assumes  that  two  atoms  of  sulphur  are  one  atom,  wid  then 
finding  that  this  so-called  one  atom  is  equivalent  to  two  teic  radicals, 
he  calls  it  V)ihasic.  The  question  at  isstie  turns,  therefore,  upon  the 
mere  matter  of  £ict  wiiether  32  jxirLs  k,\  sulphur  is  the  "  smallest  j)os- 
bible  quantity  "  which  lias  the  power  of  chemical  action.  To  disjxjse  of 
that  question,  I  shall  show  in  tills  book  that  all  the  classes  of  salts  of 
which  solphnr  is  a  constitnent  can  be  simply  and  eflectively  represented 
bf  fommuB  in  whidi  will  in  all  cases  signify  and  not  32,  parts  of 
Sttiphnr.    If  f  do  that,  it  will  show  that  the  assumption  of  3s  is 
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impioper,  and,  as  a  oooaeqiienoe,  diat  this  fourth  ai^gmnent  is  fallaciona. 
I  my,  moreoTer,  pcnnt  out  the  remarkable  circomstanoe  that  the  com- 
poonds  that  are  commonly  called  sulphides  or  aalphuiets,  all  contain 
one  atom  each  of  M  and  S,  where  M  signifies  one  metallic  radical  or 
one  atom  of  a  hydrocarbon  radical,  and  S  equals  1 6  parts  of  sulphur. 
The  oooaeqiieiioe  of  this  relationship  is,  that  when  M.  Gerhardt  treats 
of  these  oompooDds,  instead  of  using  the  simple  fimnnla  MS,  be  is 

{M 
^ ;  that  is  to  say,  he  is  fbroed  to 

make  the  sulphides  all  double,  because  he  has  doubled  the  atom  of 
snlphur.  See  his  account  of  the  sulphyxets,  IhUtd  da  Chitm  Orgamqutf 
tool.  iv.  p.  700. 

Fifth  atid  final  argument. — This  artniment  is  founded  on  the  reaction 
of  nitric  and  sulphuric  acids  with  betizoic  arid — reactions  resulting  in 
the  production  of  nitrobenzoic  acid  and  siilphobenzoic  acid.  I  have 
discQssed  this  subject  under  the  heads  of  siil|iliic  vice-radicals  and  con- 
jogated  adds,  to  which  sections  I  must  nsk  tlie  reader  to  refer  for  intimate 
details.  In  this  place  I  will  briefly  4Ut>te  the  results.  Benzyl  and 
citroeen  produce  a  deputy  or  vice-radical,  in  which  the  ynimary  ruiiical 
benzvl  exchanges  an  atom  of  hydropt  ii  for  an  atom  oi  iiiLrogi:n,  and  tliis 
alteaxl  radical  produces  a  salt,  or,  li  you  pleci:>e  to  call  it  so,  au  acid,  of 
this  form ; — 

H,<7H*Z0*  =  Nitrobenzoic  acid, 

which  shows  one  raplaoeable  atom  of  basic  hydrogen.  Benzyl  and  sul- 
phur also  produce  a  vice-radical,  in  which  benzyl  exchanges  an  atom  of 
hydrogen  for  an  atom  of  sulphor,  and  this  vioe-radical  poodooes  a  doable 
aalt,  or  double  add,  of  the  fonur— 

H,(7H*S0'  -I-  H,SO*  =  Sulpliubenzoic  acid, 

iHhere  th^  are  two  replaceable  atoms  .of  basic  hydrogen. 

Hie  main  fiicts  to  be  observed  here  are^  that  nitric  add,  which  rarely 
forms  double  salts,  true  to  its  ordinary  character,  forms  no  double  salt 
with  oitrobenzoic  acid ;  whereas  sulphuric  add,  which  has  an  ertiaor> 
dinaiy  tendency  to  produce  double  salts,  particularly  in  combination 
with  organic  radicals,  true  to  its  ordinary  character,  forms  a  double  salt 
With  the  sulphobenzoic  acid.  The  nitroljenzoic  acid  is  monobasic, 
because  it  contains  one  add  radical.  The  sulphobenzoic  acid  is  bibasic, 
iKYaTi-^e  it  contains  two  acid  radicals,  namc]\ ,  sniphic  benzyl  and  normal 
Riipiiur.  But  M.  Gerhardt  insists  n|K)n  it  that  sulphobenzoic  acid  is 
libasic,  because  it  contains  one  acid  radical^  the  one  acid  radical  contain- 
ing, according  to  him,  one  atom  of  sulphur,  that  one  atom  of  sulphur 
weighing  32,  arui  the  salt  being  bibasic,  in  consequence  of  the  presence 
of  that  one  heaw  atom  of  sulphur.  But  M.  Gerhardt  goes  a  great  deal 
too  fast    His  argument  proves  nothing,  unless  you  admit  that  32  part;» 
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is  one  atom  of  sulphur.  This  is  tlie  grand  point  which  he  assumes  to 
be  true,  which,  however,  it  is  the  greet  object  of  bis  arguments  U  prove 
to  be  true,  and  to  do  which  they  all  signally  faiL  Tet  he  seems  to 
have  satisfied  himself  that  the  fince  of  bis  ai  giimeDts  amoimted  to 
demonstration. 

"  Mr.  Graham,"  he  says,*  "  was  the  first  to  admit  the  existence  oi 
poljbasic  acids  in  his  work  On  the  Modifications  of  Pliosphoric  Add, 
Simulating  them  according  to  the  ancient  dualistic  theory.  A  German 
chemist  [Liebig]  sought  to  ajiply  the  same  ideas  to  certain  organic 
acids;  but  this  chemist  depnriing,  like  his  predecessor,  only  on  the 
composition  of  the  salts,  was  unaMr-  to  fix  precisely  the  characters  of  the 
acids  endowed  with  di 111 -rent  degrees  ot  basicity.  I  consider  that  T  have 
better  defuied  the^^e  characters  by  resting  on  the  properties  of  C(MTe.s()oiid- 
ing  volatile  bodies  (tiie  dilorides  and  compound  ethers).  The  law  of 
the  SiitiUcition  of  conjugated  acids  has,  above  all,  permitted  me  to  put 
in  evidence  the  weUHDoaiked  differences  which  exist  between  certain 
mineral  and  organic  acids  in  respect  of  their  baaicil^/* 

I  have  gone  oyer  H.  Geriiardt's  argumoxtB  in  detaO,  becaase  he 
admits  that  ^  the  whole  qoestian  of  polybasie  nctds"  is  compiised  in 
those  arguments.  The  azgnments  appear,  however,  to  me,  to  be  emi- 
nently fio^e;  and  onless  other  admire  of  polybasic  adds  imve  aome- 
tlung  stronger  to  say,  I  fancy  that  modem  chemists  must  content 
therasdves,  as  their  grandfathers  did«  with  the  possession  of  monobasic 
acids. 

Let  US  n(^xt  listen  to  Professor  WiLUAMSON  ; — **  Chemists,"  ho 
says,*  *'  have  hvi(r  h^n  aware  of  the  fact,  that  some  acids  unite  with 
ba«tes  in  one  proportion  only,  oth*  rs  in  two  or  more  proportions.  Thus 
a  given  quantity  of  nitric  acid  fornis,  with  what  is  termed  its  equivalent 
of  potash,  a  definite  nitrate  of  potash  ;  if  less  than  this  equivalent  quan- 
tity of  potash  were  added  to  the  nitric  acid,  the  product  would  be  a 
mechanical  mixture  of  the  same  nitnite  of  potash  with  imcombined 
nilaric  add;  if  move  than  the  equivalent  of  potash  were  added,  the 
excess  of  aUcaU  won]d  remain  tmoombined.  Snlphnric  add,  on  ihe 
other  hand,  is  capable  of  forming  two  compoonds  with  potash,  and  it 
depends  upon  the  proportions  in  which  the  two  substances  are  bnmglat 
together,  whether  the  nentral  or  acid  sulphate  is  f<:>rmed. 

•*  Tiie  number  of  compounds  which  an  acid  forms  with  one  base  is 
now  considered  as  indicating  its  atomic  weight.  The  weights  of  sul- 
phuric and  nitric  acids,  which  nvo  r(>spectively  susceptible  of  neutmlising 
the  same  quantity  of  p^tn-^h,  are  t(.'rmed  e<[uii'oknt^  but  these  ai*e  by  no 
means  the  same  as  theur  atomic  weights.    Sixty-three  parts  of  nitric 

'  Trait-e  de  Chimie  Organique,  torn.  iv.  p.  646. 
•  Proceedings  of  the  KoyaJ  Society,  VH.  1 1 ;  and  Quarterly  Journal 
of  the  Chemical  Society  (1855),  VIL  180. 
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add  (oHnte  of  water)  contain  the  same  cjoantitv  of  hydrogen  as  forty- 
five  [fivty-nine?]  parts  of  sulphuric  acid,  and  wnen  they  are  neutralised 
by  potash  the  whole  of  this  hydrogen  is  removed,  and  replaced  by 
potaiwanm ;  and  if  neither  of  the  actda  would  combine  in  any  other  pro- 
portion ii^ith  potash,  their  atomic  weights  would  be  the  same  as  tiieir 
equivalent  weights.  But  sulphuric  acid  also  forms  a  potash-compound 
in  \\  hit  h  half  of  its  hydrogen  in  replaced  by  potassium,  the  other  half 
remaiiiiiig  in  the  compound,  wlr'^reiis  the  sniiill^t  particles  of  nitric 
add  either  cxcliange  the  whole  or  lione  of  tlaeir  hvdrogen  for  jxjiassiimi. 

**  Tliis  fact  is  expressed  in  the  simplest  possiM*-  manner  l)y  the  state- 
ment that  the  smallest  indivisible  particles  of  sulphuric  acid  contain  two 
atoms  of  hydrogen,  whilst  those  of  nitric  acid  only  contain  one.  Thus 
it  is,  ihat  wher^  the  equivalent  weights  of  the  two  acids  are  the  quan- 
tities which  contain  ike  same  amount  of  basic  hydrogen,  their  atomic 
weights  must  be  in  the  pr(  i|)ortion  of  two  (^uivalents  of  sulphuric  to 
one  of  nitric  add.  The  simplest  expression  for  one  atom  of  nitric  add 
being  empirically  N0%,  we  shall  accordingly  represent  an  atom  of 
snlpharic  add  by  the  formula  SOH'.  In  like  manner  an  atom  of 
conunon  phosphoric  acid,  being  trilMsic,  is  expressed  empirically  by  the 
formula  PO*H^  The  labours  of  Messrs.  Laurent  and  Gerhardt  greatly 
contributed  to  the  establishment  of  these  results,  u)hioh  an  ttnoon- 
trovertedr 

I  will  endeavour  to  do  away  with  this  last  reproach  by  ofierinig  a 
httle  contnjversion. 

I  hold  tliat  the  distinction  drawn  by  Professor  Williiuns*  n  I  h  iween 
the  equivalent  and  tlie  atoin  of  sulpliuric  acid  iij  minecessaiy  and  inju- 
rious ;  that  tile  smallest  indivisible  particle  of  sulphuric  acid  contains 
only  one  atom  of  hydrogen,  not  two  atoms ;  that  the  simplest  expres- 

sion  ftr  an  atom  of  sulphuric  add  is  HSO^,  not  SO'^ ;  that  sulphuric 

add  is  monobasic^  not  bllxLsic ;  and  that  the  atom  of  sulphur  weighs 
only  1 6,  and  not  |j.  These  opinions  are  supported  by  the  following 
reasons  s— 

Every  atom  of  sulphuric  acid  contains  one  atom  of  sulphur  and  one 
atom  of  hydrogen.  These  atoms  are  peifwtly  equivalent  to  one  another, 
and  either  of  them  can  be  replaced  by  one  atom,  that  is  to  say,  by  one 
equivalent,  of  another  radical.  The  argument,  that  you  can  take  a  cer- 
tain quantity  of  hydrated  sulphuric  acid,  and  replace  half  its  hydrogen 
by  one  radical  and  the  other  half  by  another  radiuil,  and  thus  ])roduce 
a  hibasic  sulphate^  is  a  good  argument  as  far  as  it  goes ;  but  when  it  is 
offered,  as  Professor  Williamson  offers  it,  as  a  oondosive  argument 
embiadoff  the  whole  question,  it  is  a  fidlsi^  of  that  class,  where  what  is 
stated  ti^y  of  a  part  of  a  thing  is  aasomed  as  being  truly  stated  of  the 
uhck  of  a  thing ;  ibr  you  can  ako  take  a  quantity  of  hydrated  sulphuric 
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add  fl&d  replace  its  hydrogen  by  one,  or  three,  or  four,  or  five,  or  aiz,  or 
aeven,  or  eight  difoent  radicaus,  and  procure  crystaUieed  solphatee  that 
oontain  all  or  any  nomber  of  these  radicals,  and  which,  therefore,  aocofd- 
ing  to  Pro&saor  Williamson's  aiBoment,  ought  to  be  called  monobasic, 
tribasic,  tetrabasic,  pentabasic,  liexabasic,  heptabasic,  and  octabastc 
sulphates. 

Let  us  look  at  the  evidence  that  shows,  fiom  experimental  gioonds, 

what  is  the  constitution  of  the  sulphates. 
In  the  Mowing  Table  H  »  i,  S  =:  i6,  0  «  16. 


HSO«    ...  Oil  of  vitriol. 
KSO«    .    .    .  Sulphate  of  potash, 

and  perhaps  nine-tenths  of  all  the  sulphates  that  are  known  to  exist. 


K,H ;  S«0\  I  Mg, Ale ;  SH>*.  I  K,Cr ;  S«0.\  ^ 
K,G ;  55*0*.       1      Na,Mn ;  SH>*.      |    Am,Fe ;  SV.  j 

IVibasic  Sulpiiates — fonned  from  H'jS'O^. 


Monobasic  Sulphates — formed  froiu  H,SO', 


Bibasic  Sulphates — formed  from  IP,S*0*. 


Tetrabasic  Sulphates — Ibrrned  from  H*,S^. 


Am,Am,Am,H;  ^\  f.\  Zn,Alc,A]c,  Ale  ;  S*0".' 

Alc,Aic,Alc,H;    b*0».  K,Crc,Crc,Crc;  8*0". 

K,Fec,Ffr,Fec;    S*0».  Na,Crc,Crc,CYc ;  S*0». 

Zn,Zn,Zn,H ;       S*0*.  Am,Crc,Crc,Crc ;  S*Cf, 

K,Alc,Alc,Alc;    S*0".^'  Fe,Fe,Fe,H;  SXf, 

Mg,Co,Co,Co;      SKf.  Fec,FtH:,Fec,H;  S*0». 

Am,Am,Zn,Fe;  K,Cuc,Cuc,Cuc ;  S*0". 

Am,Am,Mg,Cac;  K,K,Ni,Cuc;  SV.^ 

Am,Am,Cac,Fe;  SX^.I  Am,Am,Zn,Oic;  BK^A 

K,K,CucFe;      SV.(,  Am,Am,Zn,Fe;  S^O".! 

Am,Am,Mg,Cuc;SH3».f'  K,K.Co.Cac;  SO^.j 


Fmtabasic  Sulpfiates — formed  from  H^SK)**, 


Cac,CncCac,CncH;  S\)** 


'  Laurent,  Chemical  Method,  pages  1 16-123 
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Hexabasic  Sulphates — fonned  from  H*,S*0*'. 
K,K.K,Mg,Mii,Cuc;  S*0".  * 
£There  m  ae^eral  aaits  agvedog  with  (his  fonnolA.] 

HetjAabainc  Sulphates — fonned  from  H',b'0". 

K,K,K,K,Mg,Zii,0(sGac ;  SK>**) 
'  K,K, Alc,Alc,AlcCic,CrcCrc ;      S«0»*  \  t 

With  these  exampl^^s  l  iefore  us,  we  can  estimate  thp  force  of  Pro- 
f(iSsor  Williamson's  argument.  He  pitches  upon  the  second  group  in  the 
above  Table,  and  he  siiys,  "  Hpfp  we  have  a  qnantitv  of  sulphuric  acid 
which  we  may  call  two  equivaleiiLs,  l^ecause  it  contains  two  rpplaceable 
dkms  of  hydrogen  ;  but  we  can  replace  half  of  its  hydrogen  I  v  potas- 
siiim,  the  other  half  remaimnt!;  in  the  comjx^und.  We  thus  prin  uk^  a 
complete  crj'stallizahle  suJ}>hate — om  sulphate — containing,  therefore, 
one  atom  of  sulphuric  acid  and  one  atom  of  sulphur,  but  }ia\  t^^'o 
basely  being  coniiequeiitly  bibasic,  and  agreeing  with  the  formula 

(3iaDge  the  gioimd  a  little,  and  apply  this  argument  to  the  octabasic 
nSpkaU.  **  We  bm  here*"  we  nay  say,  a  quantity  of  sulphuric 
add  which  lepreaents  eight  equYdente,  because  it  contauia  eight  le- 
pboeable  atoms  of  hydrogen.  We  lephoe  these  atoms  of  hydrogen  by 
dsht  atoms  of  diffeient  metalsi  and  we  pioduce  a  complete  neutral  ciys* 
t&aride  salt,  whose  composition  Is  stated  in  the  simplest  possible 
mnmcr  by  the  formula 

K,K,K,K,Mg,Zn,Co,Cuc;  S»0"; 

vhenoe  it  loUows,  that  this  Is  tm  sdphate-HMS  akm  of  a  sulphate-* 
containiBg  one  atom  of  solphuiic  add,  and  thefefbre  one  atom  of  sul- 
phur ;  and,  consequently,  sulphuric  add  is  proved  to  be  octabasie,  and 
tbe  atom  of  sulphur  is  proved  to  wddi  ia8  (  ^  i6  X  8)." 

This  argument  applies  equallv  well  to  eveiy  one  of  the  eight  groups 
ofanlphatos  arranged  in  the  aliove  table,  and  consequently  proves  so 
nmch,  that  it  proves  nothing  at  aU.  It  would  be  absurd  to  admit 
lliit  an  add  la  proved  to  be  bibimo  by  an  argoment  which  is  eqoally 
ponreriiil  in  proving  it  to  be  octabasic,  heptabasic,  pentabasic,  lii- 


^  Seep.  150.  'Ibid. 
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I  proceed,  bowever,  to  adduce  the  expirimnkU  msidtnm  by  meaxis  of 
which  Fh>feeBor  WiUUunson  atfeempis  to  estobliBh  his  theory.  I  quote 
from  the  jofonial  previously  refeired  to: — 

In  some  pepem  puUidied  in  llie  Joomal  of  tibe  CSwinieal  Society 
two  cur  three  years  ago,  I  endeavooved  to  show  that  the  constitatioii  of 
salts  may  be  reduced  to  the  type  of  water ;  that  acids  and  bases,  being 
truly  add  salts  and  basic  salts,  are  perfectly  conformable  to  the  same 
principle ;  and  that,  amongst  othor  things,  the  difference  bet\N'cen  mono- 
basic and  bil>asic  acids,  &c,  admits  of  a  simple  and  easy  explanation  by 
it.  Tiie  leading  pro{X)sitions  in  those  pajxirs  have  been  adopted  by 
several  eminent  chemists  in  this  countr)'  and  in  France;  and  M.  Ger- 
hardt  speedilv  enriche<l  science  with  a  seii^  of  brilliant  and  striking 
illustrations  ol  their  truth.  As  n^jnirds  the  constitution  of  bibasic  acids, 
M.  Geriiardt's  results  were,  howe\  er,  at  variance  with  that  theory ;  and 
he  was  led  to  represent  them  by  formulse  equally  inoonststent  with  hia 
own  pverkHis  yiews  on  the  anbject  I  beUere  that  this  discrepancy  is 
satisnctorily  removod  by  the  fiicts  I  hsTe  the  hooour  of  sabmitting  to 
the  CQDsidentioD  of  the  Society. 

alre-iidv  shown,  represented  in  the  monobasic  type  watei'  jjO  by  the  for- 

mda  ^^^^O,  in  which  peroxide  of  nitrogen  (NO")  replaces  one  atom 

of  hydrogen.  In  like  manner,  hydmte  of  potssh  jjo)  ^  obtmned  by 
replacing  one  atom  of  hydrogen  in  the  type  by  its  equivalent  of  po- 
iMrinm ;  «i>d  nitnie  of  potaah  (  N<^0  )  by  .  rimoltaoeoa.  sobotitation 

of  one  atom  of  hydrogen  by  pixjtuxidc  of  nitrogen  and  the  other  by 


4( 


Sulphuric  add  Is  ibnned  from  two  atoms  o^ 


H 

water  „  ;  one  of  hydrogen  from  each  is  removed,  and  the  two  re- 


placed  by  the  indi?isible  cadicsl  SO^.  The 

Sulphuric  Acid.        AdU  Sulphate  of  Pota&h.         Neutral  Sulphate  of  PotML 

Ho  Ho  Ko 

S0»  SO*  SO* 

ho  kO  kO 

explains  itself. 

Chemists  have  long  known  how  to  remove  the  basylons  con- 
stitaents  H,  K,  &c  of  tnese  sslts,  and  to  replace  them  by  otheia;  bat 
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it  is  only  recently  that  they  have  leanit  to  remove  the  dtknm  radicab 
80^,  NO^,  Ibc.  in  a  siiDilar  mamier.  To  obtain  the  chloride  of  potaaaiiim 
jhm  te  aiilphate,  it  ia  floffid€iit  to  bring  the  latter  into  liqi^  contact 
vHh  chloride  of  bariom ;  but  the  same  reacent  would  be  powerleas  £>r 
tibe  prepaiation  of  the  chloridea  of  the  radicua  8(/  or  KO^. 

M.  Oohoois  has  shown  ns  a  reagent  (the  pentachloride  of  phoa- 
phoras)  which  is  capable  of  forming  from  a  great  number  of  moiKiiasic 
acids  the  chlorides  of  the  acid  ladicals.  Whilst  extending  our  know- 
ledgeof  the  action  of  the  body  on  monobasic  and  organic  adds,  and  pre- 
mriog  nomerous  compounds  of  their  ladicals  with  ooa  atom  of  clilorine, 
h.  Gerhardt  eiamined  also  the  nature  of  its  action  upon  bibaaic  acida 
aid  ther  compounds;  and  states  that  it  conaiatB  of  two  sacceasive 
phaKs — first,  the  liberation  of  the  anhydrooa  add ;  secondly,  the  sub- 
stitation  of  two  atoms  of  chlorine  for  one  of  oxygen  in  that  anhydrous 
add.  Those  facts,  if  correct,  would  Ix*  unfavourable  to  the  above  view 
oil  the  constitution  nf  sulphuric  and  other  bibivsic  acids;  and  M.  Ger- 
hardt ad«^ptfHl  accordir  j:l\'  the  old  formula^,  representing  in  their  com- 
poatinn  ;in  atom  of  water  readv-formed.  SO*H*0, 

"  Gill  till  11  ip^  mv  remarks  for  tiie  present  U)  the  ais-'  ct  sulphuric  acid, 
wboae  d<  (  MinposiuoQ  is  doubtless  Epical  of  that  o{  <  t  ht-r  bi basic  acids,  I 
may  state  as  tlie  result  of  numerous  ex|K'rinientii  with  the  must  varied 
proportions  of  pentachloride  and  acid,  jK'rforme(.l  on  a  sciiie  of  consider- 
able mao;nitnde,  that  the  first  action  of  the  |)entiichion(le  consists  in  re- 
moving one  atom  of  hydrogen  and  una  ot  oxygen  (empinailly,  j)eroxide 
cf  hjdrogen j  irum  the  acid,  putting  in  an  utoui  of  chlorine  in  their 

place,  and  forming  the  compound  SO*  ,  which  is  strictly  intermediate 

a 

between  the  hydrated  add  and  the  final  prodact  BCfCP  fbnned  by  a 
inetituiii  of  the  same  piocesa  of  anbstitation  of  chlorine  for  peroxide 
of  kjdiogen.  The  existence  and  fonnatioa  of  this  body^  which  we  may 
aH  cfaloro-kydiited  adphuric  add,  Ibmiahea  the  moat  direct  evidence 
flf  the  troth  of  the  notion,  that  the  bibasic  character  of  snlphuric  add 
k  owing  to  the  &ct  of  one  atom  of  ita  radical  SO^  replacing  or  (to  use 
the  cQstomaiy  exprassion)  bemg  equivalent  to  two  atoms  of  hydrogen. 
Hid  this  ladical  been  divisible  like  an  equivalent  quantity  of  a  mono- 
laiic  add,  we  should  have  obtained  a  miaetwr$t  not  a  compound^  of  the 
ddorida  with  the  hydrate'— or,  at  ieaol^  the  products  of  decomposition 
of  that  mixture, 

Chloro-hydrated  sulphuric  acid  boils  at  145^  cent,  dialling  with- 
oat  decompoffltion.  The  intensity  of  its  action  xspon  water  varies  ac- 
cordiog  to  the  manner  in  which  the  two  bodies  are  brought  together. 
Wh-  n  |K>iircd  rapidly  into  a  large  quantity  of  cold  water,  a  portion  of 
H  sinks  to  the  bottom,  and  only  gradually  diasolves  as  a  mixture  of  hy- 
^^rocblofic  and  solphahc  adds*  When  a  small  quantity  of  water  is  added 
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to  tlie  compound,  the  same  deoompositkiQ  takes  pboe  with  explosive 
▼lotenoe.  The  dcid  dissolves  chloriite  of  sodium  on  the  applicatkm  of  s 
gentle  heet,  with  evolation  of  hTdrocfaJoric  add,  giving  lise  to  a  com- 

Na 

pound  of  the  £>rmnla  SO^.  ' 

CI 

I  have  quotod  Prof(-ssor  Williamson's  pntire  argument,  1)ecause  I  agroe 
witli  him,  that  sulphuric  acid  is  typiciil  of  other  bil^ic  acids,  so  that  if 
ho  fails  to  establish  the  biljasic  nature  of  sulphuric  acid,  the  failure 
extends  to  bilnusic  acids  in  generaL  My  convictioii  is,  that  his  tailure  in 
this  point  is  complete. 

I  hiuughout  his  argiiiiiLiit,  Professor  Williaiiisun  aiynumes^  but  never 
proves^  that  the  atom  of  sulphur  weighs  32  aod  not  16.  If  you  admit 
this  assumption  as  a  truth,  you  virtually  admit  that  the  smallest  possible 
qnantitjr  of  sulphuric  acid,  being  that  which  contains  one  atom  of  sul- 
phur, tiiid  therefore  that  which  cootahis  ^2  parts  of  sulphur,  is  eon* 
sequently  thai  which  contains  the  equivalent  of  two  atoms  of  hydrogen. 
The  admission,  then,  that  the  atomic  weight  of  sulphur  is  ^3,  is  piao- 
ticaliy  the  admission  that  sulphuric  acid  is  bibasic.  This,  however,  is 
the  entire  question.  I  ask,  therefore,  that  Dr.  Williamson  should  pnm 
this  point,  and  not  assume  it  tob$  irm  wUhout  protf;  as  he  has  done  in 
the  Paper  from  which  I  quote. 

I  shall  now  show  that  his  facts  all  aprop  with  tlic  notion,  that  the 
atom  of  sulphur  weighs  16,  and  that  sulphuric  acid  is  niMiiohasic. 

First  action  of  the  peniiu  Jilonde.  A  quantitv  of  hydiaU-d  sulphuric 
acid  which  contiiins  H',  t^ives  off  HO  and  takes  up  CL  My  interpreta- 
tion of  the  experunent  is  as  follows : — 


Kamely,  one  atom  of  monobasic  hydrated  sulphuric  add  =  HSO"  or 
HO,SO,  is  converted  into  CISO,  which  combines  with  another  atom 
of  monobasic  hjrdnted  sulphuric  add,  and  produces  the  doable  sab 
CISO+HSO^,  or  H,a ;  S^.  This  salt  has  a  coostitnfticn  exactly  ttmihur 
to  that  of  a  bisulphite,  and  it  is  monobasic,  that  is  to  say,  it  has  one 
replaceable  atom  of  hydrogen,  which,  as  I>r.  Williamson  hss  proved,  can 
be  replaced  by  sodium,  so  as  to  produce  a  neutral  salt,  representable  by 
the  formula  Na,a ;  SHy,  or  CISC  +  NaSO».  When  treated  with 
water,  the  double  sslt  CISC  -f  HSO*  produces  hydrochloric  snd  soi* 
phuric  acids.  Thus:— 

H,HO  4-  C1,S0  -f  HSO*  =  HCi  +  HSO"  +  HSO*. 

FM  produd  ^  the  action  of  the  peniadihriiB^  All  the  sulphuric 
add  is  converted  into  QSO ;  nnmdy^ 
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HO, SO  +  CI  =  HO  -f  CISC. 
HO,SO  -f  CI  =  HO  +  CISC. 


Dr,  Williamson  writes  this  final  product  SO'Cl",  but  that  is  merely  be- 
caose  he  doubles  the  atomic  weight  of  sulphur ;  otherwise,  he  must  write 
it  S*0*C1*  =  SOCl.  This  compound  is  the  chlorosulphnric  acid  reforrod 
to  at  pages  56  and  102  of  this  work,  as  a  gas  having  the  atomic  moa- 
sTirp  of  one  volume.  Dr.  ^A'llliamsoo  shows  us  that  it  has  tiie  faculty 
or  (ombining  with  hydrated  sulphuric  acid,  and  Professor  Kose  had  pre- 
viously shown  that  it  combines  al;»o  with  anhydrous  sulphuric  acid.  See 
page  63. 

M.  Gerhardts  experiment,  if  it  is  correct,  which  Dr.  Williamson 
seems  to  deny,  may  also  be  ezplained*  as  indeed  he  admits,  on  the 
notion  that  solphtiric  add  is  monobasic.  Two  atoms  of  the  bydiated 
solphnric  add  yield  one  atom  of  water  and  one  of  anhydroos  sulphuric 

HO,SO  +  H0,80  =  H,HO  4-  S,S00O. 

it  we  substitute,  in  this  last  product,  t^^'o  atoms  of  ciilonno  for  one  atom 
of  oxygon,  we  have  SSClClOO,  which,  being  divisible  by  two,  yields 
SCiO  or  CISO. 

Here  we  have  all  the  transformatioos  that  oocnr  in  the  dted  eacperi- 
mento— «]1  tibe  tangible  fibcts— duly  aocoontod  for  on  the  supposition 
that  S  weighs  16,  ana  that  sulphuric  add  is  monobasic;  and  these 
resolts  are  expressed  in  ibninils  and  equations  that  are  of  extreme  sim- 
pUdi^.  Why  are  we  to  reooonoe  an  easy  and  aatis&ctory  system,  and 
jmnp,  without  necessi^  and  without  a  shadow  of  proof,  to  the  various 
conclusions,  that  the  atom  of  stilphur  weighs  3a  ;  that  an  atom  is  equal 
to  two  equivalents ;  that  sulphuric  acid  is  bibasic ;  that  its  smallest  indi- 
•dsiMe  particle  contains  two  atoms  of  hydrogen ;  that  it  is  formed  fipom 
two  atoms  of  wfitor ;  that  all  bibasic  acids  are  forme<l  from  two  atoms  of 
W'aU't  ;  and  tliat  nn  tho  iiKxlel  of  one,  or  two,  or  more  atoms  of  water, 
all  salts  whatever  are  iorrned  ?  For  my  part,  I  oppose  these  conclusions 
with  a  very  decidetl  negative. 

I  do  not  know  whether  Professor  Williamson  attributes  any  logical 
force  to  the  positions  given  to  the  symbols  in  the  scattered  formulse  by 
wliich  the  oonstitation  the  Bo-caHed  bibaric  snlphates  on  the  model  of 
water  aie  depicted.  With  what  relative  degrees  of  intensity  are  the 
respective  members  of  the  IbUowing  oompoanda  combined  with  one 
another? 

Jo 

•rr      and  SO* 

If,  in  the  single  atom  of  water,  0  is  combined  with  equal  intensity  to 
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each  of  the  two  atoms  of  H,  then  SO^  which  replaces  H  +  H,  must 
posseas  the  same  combiiiiiig  ibrcc  as  H  H  do  collectively.  Bat  in 
that  case  S  first  of  all  monopolises  0'  entirely,  and  then  takes  up  half  of 
each  of  the  other  two  atoms  of  O.   So  that,  in  fact,  in  an  atom  of  hy- 

drated  bibasic  sulphuric  acid,  S*  exercises  a  combining  power  over  75 
pT  cent,  of  the  o>:v<Ton,  and  the  remaining  HH,  a  combining  power 
over  25  per  cent.  1  am  nt  n  loss  to  |X3rceive  in  what  respect  this  linal 
msult  cliflTcrs  from  tlie  old  the<:)rv,  that  hydrated  sulphuric'  acid  corj>isrs 
of  anhydrous  acid  =  SO*  plus  water  =  HK).  We  liave  merely  th*^  old 
system  of  acids  and  kises  reproilucr-d  in  another  form.  An  old  fi-iend  is 
presented  to  us  with  a  new  lace.  Tiiere  appears  to  be  no  practical  ad- 
vantage obtainable  by  departing  from  the  old  symbols,  if  we  are  to  retain 
the  old  ideasL  On  m  ladical  theory,  the  notion  tiiat  the  oxygen  of  a 
sulphate  is  divided  between  the  basic  radical  and  the  acid  radical  in  the 
unequal  proportioDS  of  7  J  to  15,  is  repudiated.  Without  that  lepodia- 
tion,  distinctlj  agneed  to,  we  had  better  retain  the  old  formula. 


NOMIIIGLA.TDBX  or  THE  SuiiPHATBB. 

Proposed  Names. 

Hydrated  sulphuric  acid       H,SO*    Hydra  sulphete. 
f  Anhydimis  sulphuric  acid    SjSC    8ulj)ha  sulphite.] 
Sulphate  of  potash  K,SO'    Putassa,  sulphete. 

Protosulphate  of  iron         Fe,SO^   Ferrous  sulphete. 
Persulpluiteof  iron  Fec,SO*   Ferric  sulphete. 

Bisulphate  of  potash     E,H ;  S*0*  Potassa  hydra  solphenote. 

n         ,»      or  E^H;  aSO^  Potassa  hydra  bisulphete. 
A  trihasic  sulphate    BaP,H ;  380^   Baryten  hydra  trisulphete. 

It  is  imiuaterial  whether  the  double  sulphates  (bisuipluit^i)  arc  aiUed 
sulphenote  01*  bisulphete,  but  all  sulphates  of  a  more  complex  constitu- 
tion will  be  most  oonvenieatly  named  if  called  <rt-sulphetc,  tetra-^  penta-, 
bexon,  heptct-f  or  octa-sulphete ;  the  bases  being  particularised  in  the 
commencement  of  the  nam&  It  is  evident,  however,  that  systematic 
names  for  such  complex  compounds  as  octasulphates  will  never  come 
into  use.  If  ever  any  salt  of  diia  description  should  come  to  be  of  im- 
portance in  the  arts,  it  will  immediately  acquire  a  trivial  name,  just  as 
the  tetrasdphate  of  potash  and  alumina  is  at  present  commonly 
nated  by  the  short  word  Axm, 


The  Polythionic  Acids.    The  Many-Sulphured  Acids. 

The  term  pdyihSomc  adit  has  been  applied  to  a  series  of  oxidised  acids 
of  sulphur  whidi  are  said  to  be  distinguished  by  the  property  of  contain- 
ing more  than  one  atom  of  snlplmr.   They  are  as  follows:-^ 
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The  Metallic  Salts. 

AU  caiMmd  to  he  mmukatk* 

Pentathionate  ]\IO,S*()* 
Tetratiiiomte  MO,S*0* 
Trithionate  MCS^O* 

Hjposalphate  MO,SH> 
HypoBulphite  MO,SV. 

The  value  of  the  symbols  in  the  above  Table  !sS  =  i6,  0=8.  If 
I  raise  0  to  1 6,  and  write  synoptical  fonnuloi  of  the  salts  in  accordance 
with  the  xadical  theoijy  they  come  oat  as  follows : — 

PentBthionate  =  M,SH)* 

Telnthionte  s  M.S'O^ 

Triihiotiate  ~  UJSfCF 

Hyposulphate  "  M,SK)^ 

Hyposulphite  a  ]MP,SW 

I  rim  obliged  to  double  tho  formula  of  the  hyposulphite,  becau;>e  the 
tliree  at<  )nis  of  oj^gen  caunoty  like  the  six  atoms  in  the  other  ezamples» 
be  di?ided  by  2. 

This  Table  indndes  all  tin'  c<»nunonly-re€eive<l  oxidiseti  hitJLs  of  sul- 
phur, e.\cef)t  liie  sulphate.^  lUid  the  sulphites.  These  two  are  exduded 
"!i  the  ground  that  they  both  tx>ntaiu  only  one  atom  of  sulphur.  That 
fisijon  is  valid  for  the  sulphates,  but  not  for  liie  sulphites.  The  follow- 
ing is  the  luruiuia  by  which  a  sulpinte  is  usually  represented 

MO,S0^,  where  O  s=  a. 

r^rforming  the  same  aeration  upon  this  Siilt  as  upon  the  hyyH)sul- 
pltitp.  namelv,  douhimg  tli»^  atoms,  making  O  =  i6,  and  tiii'owing  the 
i>yml»ol.>  into  a  synoptical  lunnula,  the  sulphite  becomes  M',S*0".  Tins 
formula,  added  to  those  in  the  above  Table,  completes  the  series  of  the 

i^  K.lll^d  POLTTIIIONATtS. 

I  liavi.,  in  the  course  of  this  Essay,  pointed  it  out  as  being  gencrLll\ 
a  fact,  and  1  have  laid  nmch  stress  upon  that  fact  as  an  mijKjitaat 
element  in  the  radical  theory,  that  ever}'  salt  contains  two  radicals,  and 
onfy  two ;  one  positive  radical  and  one  negative  radical ;  that  this  is  true 
whethfi^  the  salt  contains  oxygen  or  no  ox)'gen ;  and  that  deviatioDff 
Aom  this  gencnl  fiict  only  oocor  wto  «  salt  (already  oanteinuig  two 
iMiieab)  onnbiDeB  with  anoiber  poaitiYe  ladicdt  as  in  the  case  of  dte 
cvfacoates  a  MOfCX)  4-  MO,  or  with  another  negative  radical,  as  in 
thecaseof  the  hyposolpliataa  a  MO,SO  +  SO,  to  won  bibasic  or  biadd 


Tfls  Anhydbous  Acids, 
JM  ofwkk^  are  h^pt^&MoaL 

PeDt;ithionic  acid  S*0* 
Tetrathiouic  acid  iS*0^ 
Trithionic  acid  S»0* 
Hyposulpimric  add  1  i^ji^ 
IXthlonie  add  f  ^ 
H^-posulphnrons  add  i 
DithioDons  add  \ 
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salts  of  a  pecnliar  aod  veiy  definite  cbaiacter.   See  page  27*  double 

salts.  Classes  5  and  6. 

But,  as  if  in  conti'adiction  to  these  facts,  or,  if  you  prefer  the  ex- 
pression, to  these  ofnmons^  wo  have  in  the  formiilip  that  profess  to  show 
the  composition  of  the  polythionates,  a  statement  that  onr  lia^ic  radical 
can  combine,  not  only  with  one  atom  of  sulphur,  but  with  two,  three, 
four,  or  five  atoms.  The  question  which  arises  upon  that  statement  is 
this ;  Are  we  to  consider  tliese  multijjles  of  sulphur,  S",  S',  S*,  S*,  as 
hi'\u<y  each  a  single  negative  radical,  or  are  we  to  explain  t\\e  c"ijij)osition 
ol  the  }A»lythionates  in  some  manner  that  is  more  in  accordance  with  the 
leading  doctrines  of  the  radical  theory?  Is  it  possible  to  show  that 
these  polythionates  consist  of  simple  sulphur  salts  formed  In-  sini^lo 
radicals?  My  reply  to  those  questions  is,  that  the  multiples  oi  buiplmr, 
S*,  S*,  S*,  S*,  act  in  no  rvusu  ;ls  single  negative  radicals;  that  the  above- 
hametl  synoptical  forniulu;  give  erroneous  notions  of  the  proximate  con- 
stitution of  the  salts  under  considcmtion ;  and  that  it  is  possible  to 
adduce  facts  to  prove  that  sulphur  acts  like  all  other  negative  radicals, 
and  produces  salts  with  positive  radicals,  by  combining  therevnth  atom 
to  atom.  With  these  sabjeds  ibr  ooD^deratai  befiue  vs,  the  reader  will 
accompany  me,  with  as  much  patience  as  possible,  in  the  esiamination  of 
a  variety  of  instances  and  aiguments  upon  which  these  theories  tnm. 

The  Pentathionates. 

According  to  Wackenroder,*  "  five  atoms  of  solphnrous  add  and  five 
atoms  of  hydrosolphuric  acid,  react  upon  one  another  in  such  a  manner 
as  to  form  one  atom  of  pentathionic  acid,  five  atoms  of  water,  and  five 
atoms  of  sulphur,  which  separate  in  the  solid  state :  5SO*  +  5US  s 
S»0»  4.  5HO  H- 

The  acid  thus  produced  can  be  concentrated  over  a  water-bath  till  it 
obtains  the  spec.  grav.  of  1*3,  and  in  vacuo  the  sjiec.  grav.  of  r6o,  but 
it  caimot  be  deprived  of  water,  and  its  composition  at  the  oonoentratioQ 
of  1*5  is  about  one  atom  of  S*0*  to  nine  atoms  of  H'O. 

Upon  the  radical  the(ay»  I  account  for  this  reaction  as  follows : 

SO  +  HS  «  HSO  +  S. 

This  simple  view  of  the  reaction  accounts  for  all  the  facts,  and  is,  I 
think,  the  true  one.  The  conijx  Lmd  HSO  is  the  simplest  form  of  the 
series  of  oxidised  8u!{;hur  salu,  and  it  bear?  to  the  sulphaU  s  the  tt^une 
relation  that  aldihyde  bears  to  the  acetat<^s.  In  short,  to  lx)rrow  a 
phrase  from  organic  chemistry,  it  is  llm  ali^iui.  (jf  the  sulphur  series,  and 
this  relation  holds  true  even  to  the  double  salts  of  the  two  radicals  that 


'  Gmelin's  HandWk  uf  Chemistry,  II.  163. 
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m  piodiioed  hy  the  oomlxiiatioii  of  the  aldehydes  with  the  hydmted 
addsy  or  by  the  oonesponding  ailts  widi  metaUic  nuUcals^ 

Acetic  Scries.     Sulphuric  Series. 
Add  M.CH-U^  M,SO» 


Aldebydafce  WX<?W)Kf 

Another  mc^thod  of  producing  a  pentatliionate  is  by  the  action  of 
at^jueous  solution  of  sulphurous  add  on  dichloride  (subcliloride)  of  sul- 
phur CIS*.  Thus 

OS*  +  SO  +  )       J  HCl 

HHo,HHO   J  *  x^nso 

A  pentathionate  can  also  be  produced  by  the  action  of  chloride  of  sul- 
phur CIS  upon  water,  the  prafieace  of  fiuiphuroos  acid  not  being 
eaMntial:— 

CIS  +  HHO  »  HCl  4-  HSO. 

Acooiding  to  Eessler/  Penos  obtained  pentathionic  add  by  deoom- 
pofling  hypoBoli^te  of  lead  with  hydroaiilphime  add. 

Explanation 

Supposing  the  hv-yxjsiilphite         Supposing  the  hvposolphite 
to  be  hydrated.  to  be  ariii)  druiis. 

PbHS«0*l  _  jPbS  Pb^K)»l  (2PbS 

4-  HS  /  -  \2HSO  H«S«    V  =  -^4HS0 

HHO    1  I 

The  hydrated  pentathionic  acid  produced  by  these  different  reactions 
15  siilTiripntly  explained  by  the  formula  HSO,  which,  in  the  nomencla- 
ture prupused  m  this  work,  would  be  called  Hydra  sulphate.  This 
compound,  you  will  observe,  can  actually  be  obtained  in  the  state  of  a 
concentrated  solution,  of  the  specific  eT'avitv  of  i-6.  But  chemists,  in 
their  wonderfld  love  for  wliat  lii  (x:cult,  rarely  scrapie  to  sacrifice  the 
known  and  the  simple,  to  &vour  the  unknown  and  the  complex.  They 
ignore  tfaia  hydrated  add,  whidi  haa  been  pfocored  experimentally,  whick 
anybody  can  make,  and  whidi  has  tfaia  simple  ibrmida,  and  tfa^  insist 
upon  xecognising  an  imaginaiy  anbydions  pentaduonic  acid,  whidi  ia 
said  to  agree  with  the  formula  S'O^,  but  whidi  they  haye 
whidi  nobody  can  make^  and  of  whidi  th^  piobablj  will  never  have 
the  least  knowledge. 

The  pentathionic  add,  or,  as  I  may  perhaps  be  allowed  the  liberty 


*  laebig  and  Kopp's  Annua!  Report  (1847-8),  L  387. 
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of  catling  it,  Hydra,  sulpbatb,  iaa  very  matable  componnd,  and  to  this 
circumatanoe  moat  be  attributed  tibe  fact  of  ita  not  having  foioed  che- 
mists to  give  greater  attentioQ  to  it.  A  aubatanee  that  cornea  fiequently 
before     might  be  supposed  to  be  able  to  command  oar  notice;  but 

when  It  h;i8  the  property  of  disappearing  as  soon  as  its  presence  is 
announced,  it  goes  not  onlv  out  of  sight  but  out  of  mind.  Thus  it  is 
with  hydra  sulphate,  the  decomposition  of  which  follows  so  closely  upon 
its  formation,  that  we  have  no  time  to  make  a  s&tisfsiictory  acqnaintanoe 
with  it 

In  consequence  of  the  instability  of  tliis  acid,  it  is  iiiijK)8sibIe  to  con- 
vert HSO  into  MSO.  When  we  attempt  to  do  so»  by  adding,  for 
example,  KHO  to  HSO,  instead  of  producing,  by  double  decompoaitaon, 
the  prodncta  ESO  and  HHO,  we  daoompoae  HSO,  drive  off  moce  or 
less  of  its  enlphnr,  and  give  rise  to  the  ao-called  tetrathionatea,  tri- 
thbnatea,  and  other  varietiea  of  aolphor  aalts  which  we  have  pieaenllj 
to  examine.  But  the  add  which  ia  ao  mutable  when  akiie  becomes 
atable  when  brought  into  combteation,  and  we  are  ronaeqnently  enabled 
to  procoie,  by  indirect  means,  a  variety  of  salts  in  which  MSO  and 
HSO  occur,  not  only  in  combination  with  one  another,  but  with  other 
aolphor  aalta  in  great  variety  and  in  greatly-vafjring  pioportiona. 

Anhydrous  Acul        correspoMUn^  to  tins  Ifydrated  Acid  U,^. 

I  have,  at  page  1 1 9,  explained  the  rdatioo  that  edata  between  the 
hydrated  and  the  anhydrona  aolphnric  adda»  I  have  shown  that  these 
are  both  to  be  considoed  aa  notmal  salts,  and  that  the  latter  ia  produced 
by  the  deoompoaition  of  two  atoms  of  the  former 

HSO*  +  HSO^  e  HHO  +  S,SO». 

Precisely  the  same  relationahip  exieta  between  the  acid  HSO  and  the 
anhydride  b,jSO ;  for 

HSO  +  HSO  s  HHO  -f  S,SO. 

This  compound,  which  I  mav  call  Sulpha  sulphatk,  ui  grt-at  uu- 
portance  for  tha  elucidation  of  the  salts  of  the  ]x>Iy  thionic  adds,  bat  it  ia 
miknown  in  the  fiee  state,  and  we  am  only  infer  its  existence  from  the 
composition  and  the  properties  of  the  stkB  of  which  it  ia  a  oompoiwnt. 
Bot  supposing  that  we  oodd  iaolate  it|  we  ahonld  have  a  salt  on  the 
model  of  water,  in  whodi  S  would  be  an  mioxidieed  poeitive  radical,  and 
SO  an  oxidised  negative  redical,  together  «  S,SO« 

The  Hyposulphites. 

The  ibnnola  commonly  given  to  the  hyposulphites  is  KO,S*0^,  where 
O  s  8.   If  we  double  tUis  ibrmuJa  to  laiae  O  to  16,  and  at  the  same 
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lime  transpose  the  oxygen,  we  have  the  formda  K?SV.  Bat  this  for* 
nrak  does  not  describe  the  greater  part  of  the  hyposulphites*  Most  of 
Ihem  oontsin  ^0  ia  sdditioD  to  what  is  expressed  in  the  above  formda ; 
and  fiose  and  other  chemists  have  expressed  a  doubt  whether  it  is  poa- 
fifale  for  hyposolpliiteBt  free  from  water,  to  exist  It  is,  howefer,  a 
qoeitkm  wliether  the  hydrogen  winch  is  found  in  these  sdts  exists 
there  in  the  state  of  water.  The  qosstily  of  it  is  always  peculiar.  It 
xarely  agrees  with  the  quantity  of  water  of  crystallisBtion  wliich  is  com* 
moBly  found  with  stilts  of  difibreDt  bases,  but  bears  a  specific  relation  to 
the  quantity  of  sulphur  which  is  present  in  each  hyposulphite. 

If  wp  add  together  the  above  two  formole  (K*S*0*  and  HHO),  we 
hsTe  K*U*S'0',  or,  zeduced  to  its  simplest  form,  KBBHy.  This  com- 
pound  seems  to  be  equivalent  to  an  acid  salt  agrooinnr  with  the  formula 
KSO  -4-  HSO,  namely,  a  double  or  acid  salt  ol  the  pen tath ionic  acid. 
But  if  the  hvposulphitt'S  were  thus  constituted,  we  might  reasonably 
exf)ect  tn  find  neutral  salts  of  the  formula  KSO.  Yet  thoso  salts  only 
occur  m  cases  where  the  basic  xadicai  is  a  metalloid  or  a  negative  tiydro- 
carbon;  such  as 

ChlorosQlpblirie  add  s  QSO      s  Chloia  sulphate. 

Snlphobefflzide  «  CfH*,SO  =  Phenyhi  solphate. 

Solphonaphthabie  «  CnSFfiO  «  Kaphtyla  sulphate. 

Sulphide  of  benaoyle  «  (7IP,S0  s  JBemjla  snlpMe. 

Sulphkle  of  acetyl  »  GFH'^SO  s  Acetyla  sulphate. 

We  find  no  metallic  salts  of  this  rormuia,  but  \'.  e  find  an  abundance 

Loth  iji  organic  ?ind  inorcranir  snlts  of  the  funiiulM  KHS*0*,  not  only 

simple  hut  double,  and  even  ot  more  complex  varieties.    There  are  also 

plenty  of  anh  vdrous  hyposulpliit^'S  of  the  form  K*S*0",  and  many  com- 

potmds  whicii  ap]  >«ir  to  be  constituted  of  these  two  forms  of  the  salti 

conibinetl  with  one  another  in  various  propoi  tions. 

It  is  commonly  s».iid,  that  no  such  compound  is  known  as  hypo-. 

sai|>iiurous  acid,  either  aiiiiydiaus  or  hydrated;  but  here,  I  tliink,  we  can 

derive  some  benefit  from  our  investigation  of  the  so-called  ptintathionic 

acid.    Let  us  gather  the  facts  together : — 
• 

HSO  is  certainly  the  oompositioD  of  tlie  hydrated  pentalhiaaic 

acid. 

SSO  is  probably  its  corresponding  anhydride. 

MSO  is  the  neutral  salt  which  cofiesponds  to  the  add  HSO, 
and  wiuch  has  been  procured  in  salts  where  M  is 
a  negative  xadicai,  but  not  wliere  M  is  a  positive 

radical. 

Then,  KSO  +  HSO  =  KH,8K)*  is  the  dnuhh  salt,  or  acid  salt,  of 
the  series  ;  and  this  is  the  comfKx-^itioH  of  the  hydrated 
hyposulpiiites,  which  can  be  procured  in  great  variety. 
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If  we  join  together  two  atoms  of  hydrated  hjrposulphite,  and  deprive 

the  compound  of  one  atom  of  water,  we  produce  the 
anhydrous  hyposulphite,  which  also  occurs  pieatifolly; 

KSO  +  HSO  \      j  H  O  \  _  j  KSO  +  S    1  rrtsi^ 
KSO  +  HSO  (  "  \R    f     \  KSO  +  SO  f  - 

Acoordii^  to  these  relations,  the  well-known  hot  misondentood  l^f^dratod 
pentathionic  add  s  HSO  is,  in  fact,  the  ^  nndisooTered**  hydrated  hjpo- 
snlphuioiis  add;  the  oomponod  SSO  is  the  non-isolated  anhydrous 
hyposalpburoos  add ;  and  the  hydrated  hyposulphite  KSO  ^  HSO  is 
a  double  or  add  penta^onate.  These  are  sad  oompUcations  in  terms* 
and  I  ¥rill,  therefore,  sunplify  die  matter  by  throwing  aside  the  penta- 
thionic  theory,  and  stating  the  &cts  in  other  words,  thus : — 

HSO  «  Htdra  suuhatb  is  the  fundamental  sdd,  or  ra^r  hydrogen 
salt,  of  the' series  of  osy-salts  of  sulphur.   SSO  is  its  anhydride. 

KSO  would  be  the  normal  salt  of  the  series,  but  we  cannot  get  it 
except  with  negative  radicals,  C''H^SO,  ftc. 

KSO  +  HSO  =  KH(SO)'.  PoTiiaSA  htdra  BimimATE  is  the 
double  salt  or  acid  salt  of  the  series,  and  this  can  be  procured  in  great 
variety,  constituting  the  salts  now  considered  to  be  hjgposulphitsi 
eombimd  with  tsoidr,  acoocding  to  the  formula 


f  KSO] 

The  auhydrous  salt  K^SSy  =  \  KSO  I  is  a  triple  salt,  which  bears  to 

(  S80) 

the  salt  KSO  4-  HSO  ilm  same  relation  that  tiie  aniiydtous  bisuiphate 
f  KSO«  I 

of  potash  =  <  KSO*  >  bears  to  two  atoms  of  the  hydrated  bisululLate  vi 
{  SSO*J 

potash  =  2(KS0"  4-  HSO"),  according  to  ihe  theory  that  I  have 
explained  at  page  119.  The  rdation  is  also  the  same  as  that  which 
bidiiomate  of  p^ashbeuns  to  neutral  diiomate  of  potash,  as  is  eKpbiaed 
in  die  artide  on  the    Ghromates,"  page  ia6. 

Thk/Pertathioiiatb  of  Babtta. — The  only  salt  of  the  pentathknic 
add  which  has  been  analysed  is  that  of  baryta.  According  to  Lendr,' 
this  salt,  obtained  in  ciystals  by  prsdpitstion  with  alcohol,  contains 

BaO,S*0*  4-  2HO         ec^ual  to        Ba,SW  +  IIHO. 
(where  0  =  8.)  (where  0  =  16.) 

The  relation  of  the  pontathionato  of  baiytes  to  the  hydrated  peota* 
thionic  add  is  shown  in  the  following  diagram 

and  Kopp's  Annual  Report  (iS^-j-S),  I.  285. 
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HSO 

HSO 

HSO 

HSO 

HSO 

c  atoois  of  the 
HTdnled  Add 

commotilv  called 
I  Add+  aWattr. 


BaSO 

HSO 

HSO 

HSO 

HSO 

I  atom  of  the 
BarytMlt 
as  it  exbta  itt 


BaSO 
HSO 
HSO 
SSO 

z  atom  of  tlie 
in  Giyitili* 


BaSO 

SSO 

SSO 


J  atom  of  the 
tlMoretiMl 
AahjdnntMlli 


The  ooonection  of  the  hypoedpbites  wi&  the  peptatfaionatea  is  lemadc* 
1%  Ulnstfafeed  by  the  ibilowmg  oompixiaoiis 


BaSO 
BSO 
HSO 
SSO 

Bnitalhkiiiate 
«f  Barytas. 


BaSO 
HSO 


CrfstBUM 

Hyposulphita 


BaSO 

SSO 

SSO 

TbcoretSeal 

ADhydrouf 
Pentathionata 
of  Baiytes. 


BaSO 
BaSO 
SSO 

Anhfdrmii 

Hyi)<«^iulphita 
of  Barytca. 


I  ooii€fa]de  from  these  examples,  that  the  hTposulphites  and  penta- 
thiooates  are  both  composed  by  the  intercombination  of  simple  salts  of 
the  formoke  HSO,  MSO,  SSO,  and  that  no  such  thing  exists  as  a 
pentalhionic  add  of  the  form  HO,SH)*,  and  that  there  are  no  pentft- 
thionates,  but  such  as  aie»  like  the  hypo8iilphite8»  oompounds  of  MSO 
wish  HSO  and  SSO. 

The  following  pvooesBes  illnstnte  the  formation  of  the  hyposol- 
phites: — 

I.  When  zinc  is  dissolved  in  an  aqueous  solution  of  sulphurous  acid, 
We  obtain,  w-ithout  liberation  of  hydrogen  gas,  a  mixture  of  sulphite  of 
zioc  and  hyposulphite  of  zLuc 

a.  Su.pposinfj  Water  not  to  Act. 

J  Zn*,S*U*  =  Neutral  sulphite. 


Zn*  +  (SO)"  =  I 


Zn'iS^O*  =  Anhydrous  hyposulphite. 


b»  Supposiiig  Water  to  Act, 


Zn 


\  _   I  ZnH,SW  =  Bisulphite. 
(SOy  +  HHOj  "*  lZnH,S"0«  =  Hydrous  hyposulphite. 

3.  A  hyposulphite  is  also  pfodnced  when  an  aqneons  eolation  of  an 
ilkiline  fluphite  is  heated  in  a  dose  vessel  with  an  excess  of  solphnr, 

a.  Supptmng  Water  not  to  AcL 
^**S*^}  ~  =  Auhydrouii  hyposulphite. 

If  2 
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Sm^ppomng  Watit  to  Ad, 

m  b jpoBolpiiite,  a  afomt. 


In  the  presence  of  water,  the  li^'posnlphit^  are  probably  always 
formed  in  agreement  vvitli  tiie  formula  MSO,liSO.  Many  of  them 
crystallise  in  that  state.  This  is  the  case  with  the  hyposulphite  of  soda, 
perhaps  the  most  impoitatit  salt  of  the  seriesy  in  consequence  of  its 
employment  in  the  art  of  photography.  This  salt  aystallises  from  its 
flolntion  with  so  mnch  water  as  to  agree  with  the  fbrmola 

KaSO,UgO  +  aHK). 

The  hyposulphite  of  barytes  and  many  others  also  oystallise  in  the 
form  HSO,HSO.  When  these  salts  are  dried  they  graducMy  lose  their 
water,  and  pass,  by  intennediate  stages,  into  the  form  of  the  anhydrous 
hjrposoiphites  agreeing  with  the  fbrmnla  M'SH)'.    As  an  essmple  of 

these  progressive  changes  I  may  refer  to  a  crvstullised  salt  of  potash, 
which  has  theformuU  KH,{SO)*  =  KSO.HSO.  When  this  salt  has 
been  dried  in  vacuo,  its  composition  is  ICH^S*!)* ;  and  when  it  has  been 
deprived  of  all  its  water,  it  is  K'ybX)*.  These  reiatioos  are  tihown  iu 
the  ibllowing  diagram 

3  atoms  original  Salt         PkrtfaDj  dried. 

3  atoms  original  Salt.  Wholly  dried. 

KSO  4-  HSO  1  j  KSO  +  )  .  „  „^  J  Expelled  from  ' 
KSO  4-  HSO  J  ^  IKSO  +    S   /  j    3  atoms. 


These  examples  prove  tiiat  the  salts  of  this  series  have^  like  the 
an  extraordinary  power  of  combining  with  one  another,  and  also  of  com- 
bining with  additional  atoms  of  what  is  commonly,  bat  improperiy, 
called  the  anhtfdrtm  ACID.  In  this  case,  and  in  all  such  cases,  the  com- 
pound  S,SO  appears  to  me  to  be  a  perfect  ioUf  and  to  combine  as  snch 
with  the  other  Siilfs. 

Althoiu^h  unwilling  to  multij)lv  details,  I  must  quote  a  few  examples 
of  hyposulphites,  be^anso  T  feel  that  the  reader  will  imtiirally  desire  to 
see  the  important  pv>sitions  which  I  have  advanced  establiished  finuiy 
by  sufficient  evidence.  Most  of  the  hyposulphites  agree  with  the  two 
formulaj  tliat  I  liave  explaimxi,  MSO  -f  HSO  and  M'S^O*.  I  shall  not 
refer  a^in  to  salts  agreeing  with  tlio^e  ordinary  fonuuke,  but  select 
those  or  more  complex  constitution. 
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Examples  of  Complex  Hyposulphites. 

Assumed  proximato  Constitiicnt--. 

I.  Am*,H;       S^O*  =      AmH,S^  +  AmW. 

2  Na*Pb*-       S'«0»  =  B  (2(Na*S*0'). 

4.  K%PbF,H*;   S"0»*  =   4(KH,S«O0    +  Pbwi 

5.  K,Cu,H';     S-O*  =  { 

6.  KrCii«,H«;     S'«0'*  =    6(KH,S^  i*)     +  Cn'S*^ 

(a(Cu«S*0») 

9.  CuMi-^ ;      S'K^  -       ...         /  CuHg,S\)». 

11.  Na«,Ag*.H";  S^CX  «  a(NaH,SW)  +  Ag^*0»! 
13.  Ka*,Ag»,H*;  S«V»  -  4(N«H,8W)  +  Ag«SO«. 

13.  xNa*,Ag«;       S-O*  «         ...  {^(JJSJ). 

14.  JW.Au,H-  =  {^(JS^' 

Al  thorities.   {The  references  are  to  Gheun's  Handbook  of  Che* 

I.  Kammelsbafg,  IL  454.  Hyposulphite  of  ammoniR  a  3(NH^3K)^) 

4- HO. 

a.  BammelsUr^;,  V.  1 59.   Hyposulphite  of  lead-onde  and  Mnmonhi 

=  2(NH*0,S«0*)  4-  PbO,S'0»  4.  3Aq. 
3*  Lens.  V.  162.   H\i>osiilphlte  of  leod-onide  and  aoda  m  a(NaO» 

S'O*)  4-  PbO,SW 
4*  Banimebberg,  V.  161.    Hvposulphito  of  lead-oxide  and  potash 

=  2(K0,S*0«)  4-  P1>0,S^(:>*  4.  2Aq. 

5.  Raumiel>lirrL;,  V.  459.   Hvix)e>ul{)hiW  ol  cupruus-oxide  and  potash; 

with  I  ut^.ni  nt  |) L.tash-salt  =  KO,S*0*  4-  Cu*0,S*0*  4-  2Aq. 

6,  iiauiiuelijberg,  V.  459.  ilv[X>sulphite  of  cuprous-oxide  and  potash  ; 

with  3  atoms  of  potih-salt  =  3(K0,S«0*)  4-  Cu*0,SK)"  + 
3Aq. 
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7.  Lenz,  V.         Hyposulphite  of  cuprous-oxide  and  soda;  with  1 

atom  or  copper-salt  to  3  atoms  of  sodsp^alt  ^  3(NaO,SV)  + 
Co«0,SK)»  +  aAq. 

8.  LenZf  V .  462*  Hyposulphite  of  capioos-oxide  and  soda ;  with  3 

atxjnis  of  copper-salt  to  2  atoms  of  soda^alt  =  a(NsOj3K/)  -|- 
3(Ca^,SK)»)  -f  5Aq. 
c.  Rammdsbeig,  VI.  131.   Hyposulphite  of  mercaroos  and  cupioas- 
oxide  =  5(Ca«0.S*0«)  +  3(Hg*0,S«0'). 

10.  Rammebbeigt  VL  78.    Hyposulphite  of  mercarioKNdde  and  am- 
monia =  4(NH*0,SK)«)  +  HgO,S«0«  +  aAq. 

It.  Lenz,  VI.  1 80.  Hyposulphite  of  stlverozide  and  soda  »  NaOS^ 
4-  AgO,IS«0«  +  Aq. 

12*  Lenz,  VI.  180.   Hvposiilphite  of  silver-oxide  and  soda  s=  2(NaOt 
S^U*)  +  AgO,S*0*-f  2Aq. 

13.  Sir  John  Her:»chel,  VI.  179.    Hyposulphite  of  silver-oxide  and 

soda  =  2(NaO,S«0*)  -f  AgO,SW 

14.  Fordos  and  G^lis,  VI.  231.  Hypo-iilpl  ite  of  aurous-oxide  andsoda 

«  3(NaO,S*0«)  +  AuO.SH/  -f  4Aq. 

Except  among  the  silicatos  and  the  &ilts  of  the  metallic  acids,  it  wodd 
jierhaps  l>e  difficult  to  find  a  series  of  siiltb  of  more  complicated  relations 
than  the  series  exhibit^  in  the  preceding  Table.  The  complication 
arises  from  the  circumstance  that  t-he  normal  salt  MSO,  which  is  the 
basis  of  tlie  series,  though  unstable  when  i.^olated,  acquires  stability  when 
in  combination,  and,  like  all  the  oxy>-6aIt8  of  sulphur,  has  an  unlimited 
tendency  to  form  complex  saltSb 

In  Qonsidering  the  ftcts  that  are  eadiiWted  in  iJiis  Table,  we  speedilj 
obme  to  the  qnestion, — What  is  the  condition  of  the  hydrogen  in  these 
saltB  ?  Does  it  act  as  h<m  to  the  oxidised  ladical  SO,  or  £xb  it,  as  sli 
the  authorities  that  I  have  qnoted  assume,  exist  in  the  oonditioii  of 
waUrf  I  admit  that  the  last  view  simplifies  the  ibnniils  materially; 
but  the  mere  simplification  of  foimnhe  is  not  the  sole  object  of  cor  in- 
qaiiy.  What  we  want  mainlj  to  miderstand  is  the  intimate  natm«  of 
the  com  position  of  these  salts;  how  it  is — in  what  order — Ihe  elements 
of  which  the3r  are  composed  are  combined  with  one  another.  LocJdng 
at  the  whok  series,  at  all  the  kinds  of  the  stilts  of  the  polythiomc  add, 
it  seems  to  me  that  there  is  no  probability  that  the  hydrogen  exists  in 
the  state  of  water,  but  that  there  is  throughout  a  constant  fociirrence  of 
the  salts  HSO,  M80,  880,  and  that  of  tiiese  elementary  salts  the 
hyposulphites  and  pentathionates  are  made  up.  We  perceive  ever)*- 
where  in  this  Table,  that  if  we  consider  SO  as  an  oxidised  negative 
radical,  there  is  for  every  atom  of  it  a  corresponding  positive  radical — 
sometimes  H,  sometimes  M,  sometimes  S  ;  all  of  them  unoxidis*Ni.  This 
is  consequently  a  demonstration  of  the  truth  of  the  proposition,  which  I 

enunciated  at  page  156,  that  with  certain  specified  exemptions,  oac 
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positnne  radical  never  oombiiies  with  a  multiple  number  of  iMridised  snl- 
pknr  atoms  considmd  as  one  negative  lacncal ;  but  tint  eveiy  single 
ondised  sulplrar  atom  acts  as  a  native  radical,  and  combines  with  one 
pustive  radical. 

But  what,  it  may  be  asked,  shall  we  gain  hj  admitting  the  divisibility 
of  dwae  compounds  into  innnmerable  little  nonnal  salts  ?  I  will  endea- 
vour to  fioswer  this  question.  It  is  admitted,  that  plants  feed  on  water 
s  HHO,  caifaooic  add  »  CCA  ammonia  &  KH*,  with  minute  quantities 
cf  S  and  other  inoi^gpnic  elements.  We  know  siso  that  animals  feed  on 
plaatB.  But  when  we  oome,  in  the  practice  of  physiological  chemistrj, 
to  enmine  the  component  parts  of  animals,  we  find,  of  course,  the 
elements  upon  wliich  the  plants  feed,  but  we  find  them  in  the  condition 
of  aohfttanoee  that  have  the  ftiilowing  composition : — 

Total  atona. 

Albumen  •  .  C^^^N^'SW"  -  482 
Oaaeine  .  ,  .  (?*BP*ireK)^  =  644 
Flesh  fibrine  .  (?»H«N*8V  «  46a 
Bloodfibrine  .   C«i*N*W)*    -  660 

I  copy  these  fomiul??  from  Professor  Grfxjory's  Handlxmk  of  Oi^ganic 
Chenmtiy,  piihlished  in  1856.  They  rr  present  therefore  the  present 
state  of  chemical  knowledge  as  respects  these  compounds.  We  Imve 
here  a  statement  of  the  ultimate  constitution  of  a  number  of  imp'  rtant 
compounds,  but  no  statement  of  their  proximUe  constitution.  \V  e  can- 
not tell  how  tU<->r  multitudes  of  atoms  are  combmeti  with  one  anr>ther, 
or  of  what  innuniemllc  httle  normal  salts  the  complex  sahs  are  com- 
posal.  Between  tlie  l"o<Hi  ut  plants — CO",  HHO,  NH',  and  blood 
fibrine  C**H**'N*'^S'0**.  there  is  an  immense  chasm.  We  desire  to  bridge 
it  over.  We  want  k)  know  how  tiie  mw  material  has  be<'n  worked  up 
into  thus  liiii.^lied  m  niiilacture.  We  woulii  lain  iuUow  the  original 
elements,  C,  and  H,  and  aiid  S,  through  all  their  transmigrations  and 
inetamuq)hoses  till  they  united  to  form  the  complex  animal  com|>uuiid 
which  so  much  perplexes  and  astonishes  us. 

Wdl,  then,  the  proper  course  to  pursue  is  certainly  not  tliat  of 
aMMring  the  elements  into  vast  cfaunps,  and  fixbearing  to  inquire 
whether  these  dumps  are  not  divisible  into  smaller,  and  smaller,  and 
nailer  groups.  On  the  contrary,  the  duly  of  the  chanist  is  to  examine 
tile  wnricB  of  Nature  with  the  greatest  minuteness,  to  watch,  as  fiur  as  his 
power  pemiits,  ^  working  of  every  atom  of  the  substances  which  he 
andertalEes  to  examine,  and  not  to  satia^  himself  with  looking  at  them 
omarif  and  in  the  gross.  These  are  the  reaaons  which  have  induced 
me  to  point  out  what  I  consider  a  defect  in  the  manner  in  which 
diemisto  have  enmined  the  salts  of  sulphur.  They  have  stopped  too 
readily  afW  having  grouped  the  elements  into  clumps,  and  have  not 
camined  with  proper  care  in  what  manner  these  dumps  are  constituted. 
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Bjr  persisting  In  such  a  course  with  salts  in  general,  thejr  will  never 
arrive  at  the  comprehension  of  the  oooBtitatioii  of  such  compounds  as 

albumen,  caseine,  and  fibrit^e,  mid  never  properly  appreciate  the  physio- 
logical chemistry  either  of  animals  or  plants.  Tliis  is  why  I  propose 
tliat  we  should  pusli  oiir  analytical  inquiries  into  the  cxjnstitution,  not 
only  of  the  oxy  salu  of  sulphui,  but  of  all  salts,  to  the  extremest  possible 
extent  of  niuiuteness. 


The  Tetratiuonates. 

The  Tetrathinnntes  are  produced  by  the  action  of  iodine  on  solutions 
of  the  hyposulphites.  Thus; — 

jKSO  +  HSOl  ,  T  irr  .  J  SO  +  HSO) 
iKSO  +  HSOf  +  ^  =  ^  +  \KSO  +  HSOf 
3  atomt  Hyponilpliite.  i  stfini  Tttnthkiwite. 

Supposing  the  tetiadnonate  tlius  formed  to  be  drieil  and  dei)rived  of  one 
atom  of  water  =  HHO.  it  becomes  KSO,SO  +  SSO  =  KS*0». 
The  following  tetmlliioiiateB  m  nearly  all  that  have  been  analyaed — 


Analyti'Sil  Formulai.  Synoptical  Formulje. 

BaSU,80  +  2HSO  =  BaH*;  S*0*  =  BaS*Cf  4-  Aq. 

Pb80,SO  4-  211  SO  s  PbH«;  S^O*  =  PbS*0*  +  Aq. 

SrSO,SO  +  2h60  4-  Aq*  =  SrH«;         =  SrS\>>  +  Aq\ 
K  SO.SO  +    SSO  s  K     ;  S*(y  =  K  S*0». 

The  synoptical  formula  seem  to  show  the  presence  of  the  poly-sulphnr 
mdical  S\  but  the  analytical  ibnnabe  account  for  the  salts  in  another 
manner.  They  are,  namely,  compounds  of  the  normal  aolphates  HSO, 
MSO,  and  SSO  with  SO,  and  there     apparently  no  such  compound 

as  the  assumwl  tetrathionic  nnd  H<^,S'(  )\  the  real  acid  being  composed 
m  follows:  H'SO.SO  +  Hb(J  +  HfeO  s  JbPS^O*;  where  H'  is  the 
only  atom  that  is  replaceable  by  a  metal. 


The  Trithionates. 

The  trithionates  are  produced  by  digesting^  for  three  or  four  days,  a 
saturated  solution  of  bisulphite  of  potash  on  flowers  of  sulphur.  The 
prodacta  vary  according  to  the  dnration  of  the  digestion,  the  heat  at 
which  it  ia  efl^ed,  and  other  drcomatancea.  They  are,  generally, 
trithionate  of  potash,  more  or  less  of  sulphate  and  of  hyposulphite,  a 
quantity  of  sulphurous  add  which  ia  evolved  during  the  d^tion,  and 
a  solution  from  which  free  sulphur  is  afterwards  deposited.  The  variety 
and  variableness  of  these  products  render  it  Impossible  to  explain  the 
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<ip«tidn  in  m  eqtialicm ;  bat  the  chief  points  can  be  satisfiictorily 
•oooonted  jfor. 

I.  The  ibrmiila  of  bisulphite  of  potash,  accordiog  to  the  ladical 
theoiy.  Is  KSOO  +  HSO.  With  S,  this  can  piodace  KSO  +  HSO 
=  hyposalphite  of  potash  4.  SO  a  solphmocis  acid. 

3.  Two  atoms  of  bisnlpiiite  of  potash  are  equal  to  one  atom  each  of 
trithioDate  of  potash  and  sulphate  of  potash,  thus 

KSO»  4-  HSO  1      j  KSO*  +  HSO  +  HSO  =  Tiithionate. 
KSO»  -h  HiSO  i  "  I  KSO*  =  Sulphate. 

3.  If  water  is  piesomed  to  take  part  in  the  operation,  and  a  little 
oxygen  is  taken  up  from  the  air  during  the  prolonged  digestion,  the 
adkn  may  be  represented  thus 


KSO*  4-  HSO  I  f  KSO*  4-  HSO  4-  HSO. 
KSO*  -f  HSO  I  =  I  KSO"  4-  HSO  4.  HSO. 
S*4.HH0  4.0j  I 


4*  The  trithiooates  can  also  be  prepared  by  exposing  a  solntion  of 
I^poBolphite  of  zinc  to  spontaneous  decomposition : — 

ZnSO  HSO  1  .    I  ZnSOO.  1 

ZnSO,HSO  /  -  ^»  +  I  (HSO)*  ( 


Hie  compositkm  of  ajstaUiaed  trithionate  of  barvtes  has  been  found  to 
be  BaB"S*a',  which  is  eqoal  to  Ba80*  4- (HSO/.  The  formuhe  of  the 
oyitBlllzed  snhydrons  trithionate  of  potash  is  KSO^  +  SSO,  orES*0^. 
Hcnoe,  the  analytical  fbrambd  of  tiiese  sslts  are  as  follow : — 


The  anhydrous  trithionates  are 

ivr,soo 
s,so. 


The  hydrous  trithionates  are 
M,SOO 
H.SO 
H,SO. 


Their  synopticai  formale  are, 

Anhydrona  trithionates  »  M,S^ 

{ MH*  SHY 
-  M  SW  4.  E*0 

When  the  trithionate  of  potish  i.^  made  rod  hot,  it  decomposed  into 
ot)e  atom  each  of  sulphur,  sulphurous  acid,  and  sulphate  of  potash.— > 

KSO*  4-  S,SO  «  KSO*  4-  S  4.  SO. 

When  a  solntion  of  trithionate  of  potash  is  boiled,  it  is  resolved  into 
ndphste  of  potash,  sulphurous  acid|  and  sulphur. — Pdfnu», 

KSO*  +  HSO  4.  HSO  »  KSO*  4-  SO  +  S4.HHO. 
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The  s3moptical  fonirabe  seem  to  indicate  the  enstenoe  of  the  nraltiple 
xadical  S*,  bat  dl  other  drcmnstanoee  ducredit  that  aflsnmption* 


The  aqueous  pentathtoie  add,  when  acted  on  by  an  alkali,  anflen  de- 
oompofiition,  libaates  water  and  one  gt  two  atoms  of  soipfaar,  and  pio- 
duoea  a  trtrathionate  or  trithiooato: — 

KH',S*0*  less     and  H*0  =  KfI«,S^O*  =  Tetrathionate. 
KHSS*0*  less  S*  and  HK)  =  KH*,S»0*  =  Trithionate. 

The  Sulphenetes. 

In  the  proposed  nomendatore  a  Sulfhsnbtb  would  be  a  salt  con- 
taining two  atoms  of  snlphnr  and  two  atoms  of  oxygen  ss  SH)\  No 
sndi  salts  aie  at  present  recognised,  but  I  have  no  doubt  that  we  shall 
find  them  hereafter.   In  tracing  the  constitntioD  of  the  tetntthjopatea,  I 

have  shown  that  they  may  be  considered  to  consist  of  a  hiacid  salt,  of 
the  form  MSO,SO  in  combination  with  S,SO  or  with  HSO,HSO.  This 
biacid  salt  MSO,SO,  if  isolated,  would  be  a  sul]  nete.  Thns,  KSO.SO 
=  KSH)*  =  Potassa  solpheneta  Now,  though  I  cannot  point  out  any 
single  salfei  of  this  composition,  I  can  refer  to  a  doMe  ssit,  which  will 
exphun  my  view  of  its  composition*  I  copy  the  following  equation  from 
Gerhardt*s  discussion  of  the  type  ammonia."*  in  this  equatkm  S 
signifies  what  I  call  S*.   The  oilier  symboU  agree  with  mine. 

A.  B,  C.  D. 

Ih  l  H 

Azoturc  of  Chloride  of  Azoture  of 

Salpho-phenyle      Sulpho-phenyle.  IMsulpIio-phcnyle 
of  Silver  and  Hydrogen, 

and  ot'  Uydrageo, 

It  is  absurd  to  consider  oxidised  douljle  iult^  like  these  aa  aiumonias," 
and  I  shall  arrange  the  symbols  in  a  ditlerent  manner  : — 

A  is  a  salt  of  the  class  that  I  have  pointed  out  as  double  sulphates 
(using  that  word  in  its  new  sense),  in  which  one  of  the  basic  radicala  is 
mhet  and  &e  other  an  amidogen  containing  one  atom  of  biivin  1  =s 
Ag;  SO  +  ZH,CH» ;  SO. 

B  is  a  simihur  doable  snlphatSt  in  which  tlie  banc  radicsls  are  chlorine 
and  phenyl  »  CI ;  SO  +  CW;  SO. 


^  Traits  de  Chimie  Orgmque,  torn,  iv,  770. 
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Wlien  these  two  salts  act  npon  one  another,  chloride  of  silver  (D)  is 
produced,  and  the  other  elements  all  rest  in  combination  to  fonn  the 
aoltC. 

A  +  B.  D.  C. 

A  =  AgSO  4-  ZH,eH»  -'^^l  ^  i  \  t  j  4-  ZH,OT*;  SO 
B  =  CI  60  4-       CH*;  SO  J       I  CI  j       I  SO  +       C*H*;  SO. 

This  Inst  salt  (C)  is  coQseqoentlj  the  doable  sulphenete,  ZHjCH* ; 
8*0*  4-  C"H';  B*0'.  The  normal  sulphenete  wiU  no  doubt  soon  be 
found,  if  it  is  searched  ^ar. 

The  Sulphites. 

The  oompositloo  of  the  solpliites,  aooording  to  the  mdical  tfaeoi7«  and 
OD  the  assumption  that  the  atomic  weight  of  sulphur  is  i6,  is  repi)^ 
seated  bj  the  foUowing  formule: — 

Analjrtial  Fomol*.  Smoptbd  Forandai. 

MO,SO  4-  M,SO  '  M,M ;  SW 

Tlh  ?p  formulae,  however,  represent  the  Xrutrai  Sulphites.  The  Acid 
Sulphiies,  or  Bbulphites,  are  constituted  as  luUows : — 

Analytical  Fonnola.  SjnoptiGal  Formola. 

MO,SO+H,80  M,H;  &<J^. 

There  is  no  hydrated  acid  corresponding  to  tliese  sulphites.  According 
to  the  s^-noptical  formula,  a  sulphite  is  a  bibasic  salt  Aooording  to  the 
analytical  formula,  it  is  a  double  salt  consisting  of  a  sulphate  MSO^,  in 
oombinatioii  with  a  salt  on  the  model  d  water  containing  only  one  atom 
of  oxygen  s  MSO.  Hence  the  hydiated  acid  would  be  a  compound  of 
hydiated  sulphuric  add  with  hydiated  pentathionic  add — 

HO.SO  4-  HSO  =  H,H ;  S'^. 

NOMCHCLATUBB  Of  THE  TWO  KINDS  OF  SULPHITEL 

Neutral  sulphite:  K,K;  S*0"  Potasskn  suiPHENiTK. 
Acid  sulphite:     K,H;  S*Cf  Potassa  hvdka  sulfhenite. 

The  sulphites  are  prepared  by  passing  stilphurous  acid  gas  «  SO  into 
solutions  of  caustic  alkalies  or  carbonates  of  alkalies.  Tlie  reactions  that 
taice  place  are  shown  by  the  ibUowing  equations : — 

0.  EHO  4-  SO  +  SO  8  K,H;  SKf 

b.  KHO  4-  SO)      JK,K;  S«0» 
KHO  4-  SOJ  ~  t  H,HO. 

c.  K,K;  00»    1  _  J  K,K;  S'0» 
SO  4-  SO   I  -  \  C0». 
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AoOQiduig  to  a),  one  atom  of  canstic  potash  and  two  atoms  of  aul- 
phnrocu  acid  produoa  one  atom  <i£  biaulphitd  of  potash.  According  to 
6),  two  atoms  of  caustic  potash  and  two  atoms  of  su]]jhur(  )iis  acid  pro- 
duce one  atom  of  water  and  one  atom  of  neutral  sulphite  of  potash. 
According  to  c),  one  atom  of  carbonate  of  potash  and  two  atoms  of  sul- 
phurous acid  produce  one  atom  of  neutral  sulpliite  of  potash  and  one 
atom  of  carl>onic  acid. 

The  .sulphites  of  the  vilkaline  earths  (Ba,  Sr,  Ca)  which  are  insoluble 
in  wat»^r,  dissolve  in  an  irons  solution  of  sulphurous  acid.  The  rea»<jn 
of  this  is,  that  the  insoluble  neutral  sulphites  become  converted  into 
soluble  bisulpiiites 

Ba,Ba;SW+  \  \B^;8W 
SO  -I-  SO  +  HHOr  °  tBa,H;S«0^. 

Many  nentral  sulphites  are  decomposed  by  ignition  into  f  sulphate 
and  i  sulphide : — 

Ph,Pb:  S«OM  _  J  3(PbS0*) 
Pb,Pb;iD«0'J      \  PbS. 

When  siilpliites  are  treated  with  iivdiochlonc  add,  sulpiiurous  acid 
gas  is  liberated,  and  no  sulphates  are  formed 

Ag,Ag.SW)  ^  I  Aga,Aga 
H,H,a*       f     )  SO,SO  +  HHO* 

When  sulphites  are  treated  with  nitric  acid  in  the  cold,  sulphurous 
add  gas  is  liberated; — 

K,K;SWl  (K,NO^ 
H,NO*  \  ml  K,NO^ 
H,NO»  I      \SO,SO  +  HHO. 

When  a  mixhire  of  stilphitejs  and  nitric  acid  is  boiled,  peroxide  of 
nitrogen  is  expelled  and  sulphates  are  formed ; — 

K,K;Wf\  fESO^ 
HO,NO«  V  =  {  KSO« 
HO,N0^  j      I  NO'.NO*,  +  HHO. 


The  H  jposulphates* 

The  hyposulphates  are  constituted  as  follows: — 

Amlytieil  ftmuak.  Sjnnptiad  Fomuk. 

KO,SO;  SO  K.S'O* 
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Tlie  hyposnlphate  of  manganese  is  produoed  by  passing  sulphurous  add 
gas  into  water  oontsining  peroadde  of  manganese  in  soapension : 

MnO  +  SO,SO  =  MnO,30  +  SO  ^  MuS*0*. 

Wbai  heated,  the  hyposulphates  give  off  one  atom  of  anlphmoiis  add 
and  kflcve  a  sulphate  of  the  base: 

MnSK/ =  MnSO*  +  SO. 

A  boOing  aofaitioii  of  a  hyposnlphate,  when  acted  on  by  chlorine  or 
nitric  add,  piodnces  two  atoms  of  sulphuric  add  for  each  atom  of  base, 
Tiras:^ 


With  Nitric  Acid. 


KO,SO 
HO 


,SO))       f  KO,SO. 
SO  I  V  =  «^  HO,SO. 
,N00  J      I  JNOO. 


With  Chlorine. 

KO,SO  (  I      1  KG,  SO. 

^  U  _  J  HO,SO. 
H,HO    [  "  ] 

a  1    (  H,a 


Hyposolphuric  add  can  be  procoied  in  the  state  of  hydiate  s  HSW 

HtDBA  SULFHKNin. 


Pecaliarities  in  the  Saturating  Capacities  of  the 

1 1  On  comparing  together  Ihe  synoptical  £smul«  <^  the  sulphites 
and  nyposulphates»  we  observe  a  very  remarkable  coinddenoe: — 

K,K ;  8*0»  =  Sulphite. 
K,  SV)^  =  Hyposulphate. 

Here  are  two  dasses  of  salts,  both  having  add  ladicals  of  the  same 
nature  and  quantity,  and  both  with  the  same  number  of  atoms  of  oxA^gen, 
yet  differing  essentiaUy  in  the  important  circumstance,  that  the  salts  of 
the  one  class  are  monobasic,  and  those  of  the  other  class,  bibasic.  The 
s}^optica!  fornitilx  show  nothincr  to  explain  this  peculiarity,  but  the 
analytical  formuhe  dear  up  all  mysteiy : — 

KO,SO  +  KSO  =  Sulphite. 
KO,SO  +   SO  «  Hyposulphate. 

Naiuoly,  tho  siili)liitr  is  both  bibasic  aod  biacid.  The  hyposulphate  is 
biacid  but  not  bil;;u-ic. 

l  iiis  cxplanati  n  of  the  rational  composition  of  the  sulphites  and 
hyjxir^ulpliate.,  is  tohilly  lost,  if,  following  MM.  Gerhardt  Jiiid  \\  ill:;im- 
son,  we  fix  tlie  atomic  weight  of  sulphur  at  3a ;  for  then  \vc  liave  the 
formula  KKSO^  and  KSO^;  one  representing  a  bibasic,  and  the  other  a 
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monobasic  salt,  with  no  clue  to  the  sigiiificaiice  of  so  remaricable  a  peco- 
liaritjr. 

The  pioportioiis  cf  soiphnr  and  oxygen  which  are  pteoent  in  tiie 
snlphiteB  and  hjposolphates,  are  the  same  as  &e  propoitloos  which  oon- 
stitate  the  compound  called  anhydroos  sulphuric  add : — 

Anhydrons  Neutral  HypogiilphAte 

Solphoric  Aotd.        Sulphite  of  Potasb,  oi  Potash. 

SO  K»SO  SO 

SOO  K,SOO  K,fc)00 


These  relalions  explain  many  phenomena  that  occur  when  sulphuric  add 
acts  upon  organic  ladicals. 

a}.  A  similar  anomalyt  as  to  saturating  power,  appears  when  we  com* 
pare  together  the  anhydrous  tetmthionatea  and  the  anhydroos  byposnl* 
phites,  expressed  in  synoptical  formuls: — 

K,S*0»  =  Tetrathionate. 
KK,S*0»  =  Hyposulphite, 

The  canse  of  tihb  diflerenoe  la  ahown  in  the  analytical  fennule:— 

KSO  -f  SO  +  SSO  =  Tho  Anhydrous  tPtmtlnoii;it.\ 
KSO  4-  KSO  -h  SSO  =  The  Anhydrous  hyposulphite. 

3].  The  fi)Uowing  salts  exhilnt  a  tlurd  pair  of  examples  of  this  pecu* 
Iiarit7>- 

M;  S*0*  =  Sulphwiete  (Hv-pothetical).    See  page  170. 
MH;  S'O*  ==  Hydrous  hyposulphite. 

The  analytical  formula  of  which  salts  are: — 

MSO  +    SO  =  Sulphenetc, 

MSO  +  HSO  =  Hydrous  hyposulphite. 

4].  I  might  even  notice  a  fourth  pair  of  such  salts 

ZH,CV;  eiP;  SKf  s  Double sulphenete.  Seepage  170. 
K,H,H ;  SK)*  s  Hydrous  tetrathionate. 

The  aoaly  tical  formulae  of  this  pair  of  salts  are 

JZH,OT»;  S0  + SOI       ,  1  , 
i      CH*  •  SO  4-  SO  J  suiphenete. 

Facts  of  this  sort  should  not  be  fiicgotten  vrhea  yon  inqniret  What  is 
the  niiture  of  the  bihasic  and  biacid  power  ? 
How  are  you  to  know  a  sulphite  horn  a  hyposnlphate  ?  Both  contain 
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SW,  bot  the  sulphite  contains  two  positive  radioslsy  the  hyposiUpluite 
only  one  positive  ladical.  The  distinction  seems  to  be  almost  sd£- 
evident ;  yet  the  terms  sulphite  and  hjrposulphate  are  applied  frequently, 

in  books  on  organic  cliemistry,  to  compounds  for  which  they  are  totally 
unlit.  Such  causes  occur  even  in  Gm din's  Handbook.  In  discriminating 
tJie  oxy-sulphur  salts,  attention  must  always  be  pmd  to  three  particulars, 
namely,  tlie  numl)er  of  atoms  of  sulphur,  of  oxygi  ti,  aiu!  of  the  positive 
ra^licals.  The  relation,  not  of  any  two  of  these,  but  oi  the  whole,  to  one 
aiiudier,  determines  the  nature  of  tiie  salt;  fur  we  have  seen,  that  the 
acids  S*0",  SM)*,  and  S*0*,  can  saturate  either  M  or  MM  ;  aud  that  MM 
can  saturate  either  S*0*,  SH!)*,  or  8*0*,  or  txmce  that  quaidity  of  any  om 
of  tAem.  I  repeat^  tfaeieibre,  tliat  the  relations  of  these  three  components 
die  salts  must  be  caiefully  determined  in  each  case,  and  uat  the 
widis  oxynmlphnr  salts  are  to  be  fonnnlated  and  named  aooording  to 
such  threefold  determinatjona.  Hence,  llie  formnla  MSV  will  signify 
a hjposulpbate,  and  the  formula  MM, 8*0"  will  signify  a  sulphite;  so 
also,  MSO*  will  signify  a  sulphate,  and  MSO"  -f  HSO«  will  signify  a 
bisulpbate ;  whattvtr  may  be  A»  nature  of  tlte  radical  tohich  is  <knoted  by 
i/,  provided  always  that  it  is  a  ladical,  and  is  known  to  act  as  a  radical 
in  other  cases. 


^Nomenclature  of  the  Complex  O^y -Sulphur  Salts. 

An  atom  of  sulphur  weighing  i6  combines  with  an  atom  of  oxygen  of 
ihe  same  weight  to  prodnoe  an  atom  of  sulphurous  acid  SO.  This  is 
the  prime  radical  of  all  the  oiysalts  of  sdphnr. 

80  oombme  with  H,  to  prodnce  the  salt  H,SO.  This  can  be  ob- 
tained in  aqneons  solntion  of  the  specific  gravity  of  1*6,  but  it  cannot  be 
iaolated.  It  has  been  called  pentath ionic  acid.  I  call  it  hydra  tidphaU* 
It  can  produce  salts  of  the  §orm  MSO,  where  M  is  a  negative  rsKiical^ 
but  not  where  M  is  a  positive  radical.  It  can  however  produce  acid 
salts  of  the  form  MSO  -f-  HSO,  where  M  is  a  positive  radical.  These 
salts  aro  now  called  hyposulphites.  T  pro|K>so  to  cxill  them  trisulphates. 
Thus  K,H  ;  (SO)*  is  pjtasm  hydra  btsulphate.  Hydra  sulphate  produces 
an  anhydride  of  the  f  )nn  S,SU  —  sulpha  sulphate.  This  combines  vvith 
salts  of  tiie  form  MSO  to  produce  anhydrous  hyptj.niilphitos  of  thf^  form 
PbSO,  PbSO,  SSO  =  Pb'SMJ^,  which  may  be  called  plumt^en  mlphmiU, 
These  Muipler  varieties  of  hyposulpliites  combine  with  one  another  to 
produce  a  series  of  extremely  complex  salts  of  which  I  have  given  some 
eEunples  at  page  165.  I  do  not  propose  to  apply  systematic  names  to 
these  complex  salts,  becanse  it  is  certain  that  they  would  never  be  used. 
The  names  in  present  tise»  as  given  at  [xige  165,  are  vagne  and  in- 
accurate; one  sin^e  term  hyposulphite"  being  applied  to  sslts  of 
eaEtremelv  difeent  constitution.   Swm  enoi'^eaclung  names  are  worse 
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than  QseUfls.   It  is  better  to  depend  upon  the  fonniiUe  for  infonnatioD, 

The  new  nomenclature  could  express  every  one  of  these  salts  witli  pre* 
cision,  but  only  in  words  of  oomplczi^  oorresponding  to  the  oompleiu^ 
of  the  salts  upon  whose  formulae  they  would  be  framed. 

I  willt  however,  give  a  few  examples  of  the  names  of  these  salts, 
specifying  the  pnuiniate  constitaents  as  they  appear  in  the  text  at  page 
165:— 

1.  AmAjSK)*  -h  Am*S^>*,    Ammona  hydia  bisuIpJuUe  cum  am' 

mown  sidphonite, 

2.  a(AmH,SK)')  +  PbH.SHD*.   Bis  wmuma  hydra  bMphaU  cum 

plumba  hifdra  UniphaU. 
5.  2(Na*SK)^)  -f  Pb^SV.   Bis  nainn  tui^phoniU  cum  jitoiftaii  sitf- 
phonitf, 

4.  4(KH,$*0*)  +  Pb^X>*.   lHnki9  plwnba  hifdnt  bisulp/uiU  own 
plumbm  iidphomU* 

The  critic  who  feels  disposed  to  consiirc  the  lonptli  of  these  names 
will  be  pleased  to  bear  in  mind  tiiat  they  arc  not  merely  Iiard  meiining- 
less  words,  bnt  that  they  conhiin  an  account  of  the  comjxjsition  of  the 
respective  salts,  and  so  render  it  needless  to  state  that  composition  in  the 
description  of  the  salts. 

Th  '  jn»ntathionates  are  compound  salts  of  tlie  kind  that  I  pro|K:)so  to 
&1II  sidpkaUs,  such  as  i5aSO,H^^O,HSO,SSO,  or  BaSO,SS0,SSO.  See 
*    page  163.   Tiie  names  expressive  of  these  two  funuuias  are — 

nBaSO,(HdO)P,SSO.   Baryta  ndphate  bis  hydra  sulphaU  am  wipha 
smphats^ 

BaSO,(SSO)\    Banjta  sidphate,  bis  sulpka  Sl^pAots. 

fiat  if  the  forranltt  of  these  salts  are  thrown  into  the  closest  synoptical 
IbnUf  (which,  however*  hides  the  proximate  oonstitation*)  they  beoomo— 

BaH',S*0*.    Bmyta  hydrm  sulphunoU. 
Ba,SH>*.   Baryta  sulphuniie» 

The  tetrathionates  are  BaSO,SO  -f  HSO,HSO.  The  first  division  of 
tins  fbrmnla  consists  of  BaSO  combined  with  SO,  just  in  the  same 
manner  as  the  hyposulphates  (page  172)  consist  of  BaSO*  combined 
with  SO.  The  other  part  of  the  fonnoUi  consbts  of  two  atoms  of  the 
hydcated  acid  HSO.  These  two  atoms  of  add  seem  to  be  UaUe  to  pfo* 
duoe  an  anhydride,  and  so  fonn  the  salt  ESO,SO  +  SSO. 

BaS'O^fHSu)'.  Baryta  Iwdphate  his  hydra  sulphate. 
BaSH>%SSO.   Baryta  InsidphaU  cum  sulpha  su^hate, 

ExprebiHfd  synopUcally,  tiiese  two  salts  will  be— 
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BaH*,(SOy  »  Baryta  hydren  tetraiu^phat§. 
BtkJ8>*&  s  Baryta  tulphomU, 

The  trithionates  are  ZnSO*  +  (HSO)*  or  ZnSO'  -f  SSO.  The  first 
part  of  this  formula  si^aifies  the  compound  which  is  called  at  present 
a  sulphate,  but  whicb  the  new  Domendatore  changeB  to  su^pheU,  The 
otiber  part  of  the  finrnnle  is  similar  to  that  of  the  tetrathiooatos.  The 
propoeed  nomendatore  of  the  tiithionates  is  as  fttUows : — 

ZnH'S'O*  =  Zinca  hjdrm  $idphinot§^ 
Z]iS\>*  »  Zinoa  w^pkinite. 

The  above  classes  of  sulphur  ikilu  aie,  at  present,  of  very  little  import- 
ance in  comparison  with  the  followiug : 

a)  .  The  salts  which  are  now  called  8ULPHATE8«  bat  which  I  propose 
to  term  suLPHEnss* 

b)  »  The  salts  now  called  sOLfHUBB.  These  are  oampounds  of  MSO 
wiib  MSC,  that  is  to  say,  of  the  two  salts  that,  in  the  new  nomenda- 
tore^ are  called  sulphates  and  siiJpket$»,  The  double  salt  asstimes  the 
charact/^r  of  a  bibesic  Mit  K,K ;  S'O*  =  POTASSBIT  SULPRENim 

c)  «  The  salts  that  are  at  present  called  htposulphates.  These  salts 
are  composed  of  the  salts  now  called  sulphates,  iu  corn V>inat  ion  with  sul- 
phmoos  add.   Thus  KSO*  -f  SO  s  K,S'0*  a  potassa  sulph£Njit£. 


The  Oxalates. 

According  to  Professor  Miller,  the  formula  of  hydrated  oxalic  acid  is 
HO,  C^,  and  that  of  the  oxalate  of  sUver  is  Agb,C*0'.  If  I  double 
the  atomic  wdght  of  the  carbon  and  oxygen,  these  fbnnulie  become; — 

H,  CO*  =  Hydra  carbete. 

Ag,CO*  s  AbOENTA  GARBBTB. 

Professor  Miller  gives  tlie  following  account  of  the  different  cliisses  of 
oxalates :  "  With  the  alkalies,  oxalic  acid  forms  three  classes  of  salts, 
one  of  which  contains  one  equivalent  of  base  to  one  equivalent  of  add,  of 
which  the  oxalate  of  ammonia  (H*NO,CW+aq)  is  an  example.  The 
seccuidcbmoointaine  two  eqmyidentBof  addto  oneof  afixedbese.  Bin- 
oxahite  of  potash,  or  the  salt  of  sond  (KO,HO,  aGK)^+2aq)  is  an 
instanoe  of  this  description ;  whilst  the  third  class,  whidi  is  CExemplified 
bf  qnadnnalate  of  potash  (KO,3HO,4CO^+4aq),  rontams  the  unusual 
proportion  of  four  equivalents  of  acid  to  one  of  a  fixed  base.  It  is  very- 
probable  that  oxalic  acid  belongs  to  the  class  of  acids  termed  btbasic*'— 

ELEXSinB  OF  CaGMlSTET,  11.,  645. 
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Oa  the  Badical  Theory,  these  alts  may  be  represented  thus: — 

ZH*,    CO*   4-  i  aq  =  Amznona  carbete  demi-aquate. 
K,H ;  (CO*)*  +    aq  «  Potassa  hydra  bicarbele  aqnate. 
KJH^;(CXJ^y  +  a  aq  »  Potassa  hydrine tetracaibete aqitete. 

GiM-Iiardt's  account  of  the  oxalates  is  as  follows:-— 
**  Oxalic  acid  is  a  most  energetic  liibasic  acid. 
The  composition  of  the  netUral  oxalates  is  represented,  in  a  general 
manner,  by 

C^MH/  -        I       =  a(CW.MO). 
^  The  bimmdateBt  or  aeH  oxoliiew,  ocmtaiii — 

CHMO*  o  CK)»|       =  (CCHO  +  C^)»,MO). 

There  also  exiat  mudrax(daU$ ;  that  is  to  say,  combiDationa  of 
oialic  acid  with  binoxaktes : — 


C*HM0*1 
C*H«  O* 


HO 


<^{ho 


.  =  (}CO»,HO  +  C«0^,MO)/ 


—Draitede  Chiam  Orgamquif  tom.  L  243. 

According  to  the  radical  theory,  these  salts  are  fomiuiaied  as  fol- 
lows : — 

Keutral  OzaUtet.         Add  Oialates.  QiuulrozalatJ^s. 

MCO«         MOO*  H-  HOO",         MOO*  +  3(HOO0. 

or  or 

MH  (OO*)*  m±\oo^)\ 

The  question  whether  oxalic  acid  is  Monobasic  or  Bi basic,  is  analo- 
gous to  the  aimiiar  inquiry  respecting  sulphuric  add.  Tlie  aigumeDta 
that  have  been'maintaiiied  fyrtaid  agpdoat  the  bibeaiGity  of  the  ktter  bear 
equally  tipoD  the  biba^dty  of  the  fbrmer.  If  the  aiguments  of  MM. 
Gerhardt  and  WiUiamaoD,  which  I  have  quoted  between*,  pages  144 
and  1 36,  prove  to  the  reader  that  sulphuric  acid  ia  bibaaic,  then  he 
may  assume  at  once  that  oxalic  acid  also  is  bibaaic  If  the  arguments 
whkh  I  have  niged  in  reply  to  those  chemiats  prove  that  sulphuric  add 
is  monobasic,  they  serve  equally  well  to  prove  that  oxalic  acid  is  mo- 
nobasic. I  consldor  the  question,  thenTore,  as  sufficientlv  examined,  and 
I  assume  the  decision  upon  it  to  be  that  oxaUc  add  is  MoiiO£ASic 
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ExAMPUEB  OF  Oxalates. 

a.  Oxalates  with  ojiE  basic  radical ; — 


H,  00* 

K.  CO" 

Na,  CO' 


Pb,00" 
Zn,  00« 

CacOO* 
Alc.OO* 


Fe,  CJ0» 
Fec,0O» 
Hg,00^ 
l%c,00» 

CtQ,(Xf 


b,  OzalateB  with  two  basic  cadicals : — 


AmCrcjCW 
AmMn;GK>« 
KCbc;  CO« 
KZn; 

KCrc;  <?0* 


KSbc;  CW 
KFec;  W 
NaAlc;C^>' 
NaFec;  W 


Co,  OCf 
Ni,  CO* 

u,  ocy 

CIP.OO* 
C"H»,00« 


BaAlc;CV 
BaFec;  CH>* 
OaCrc;  <W 
AgCrc;  CW 
PbCh!;CK>* 


c  Oxalates  with  tubeb  basic  radicals ; — 

Ain«,Zn ;  (C0»)»         CaCw* ;  (OO^y 
d.  Oxalates  with  four  basic  radicals : — 


AmCW ;  (CO*)* 


KCrc»;  (C0«)^ 
AmMg» ;  (CO*)* 


CoOocP;  (CO")* 
(OTMn)",H;  (CO")* 


e.  Oxalates  with  Fiv  K  basic  radicals :  Am*Cd ;  (00")*. 
/.  Oxalates  with  six  basic  radicals;  Am^Mg;  (C0")^ 

f.  Oxalates  with  asm  basic  ladiesls: 

K'Sbc'H*;  (CO7  •  I  Am*Mg;(CO")^ 

k.  Oxalates  with  nOHT  basic  radicals:  MgMn';  (CO^)'. 
i  Oxalates  with  tebt  basic  radicals : 

E"Na"Cuc";  (00")'*  |  Am»Co;  (00")'^ 

j.  Oxalates  with  eleven  basic  radicals: 

K*Sbc« ;  (CO')"  I  Na*Shc^  (CO*)". 

k  Oalates  with  eiqhtben  basic  radicals :  Am^Mg* ;  (CO")^. 

The  particulars  of  these  salts  will  be  found  in  the  following  works : — - 
Gmelin's  Handbook  of  Chemistry,  Vols.  IX  and  X ;  Liebig*s  Handwor- 
(efixtch  der  Cheraie,  Band  V.,  article  Oxalsaure  Salze;  Gerhardt, 
Thdts  de  Chimie  Organiqoe ;  and  Liebig's  Annalen  for  July,  1856. 

The  preceding  TiSle  shows  that  the  oxalates,  like  the  solphates,  com- 
l>iiie  irith  one  another  to  produce  a  great  varied  of  complex  saltB^ 
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They  not  only  produce  double  salts^  as  is  urged  by  the  advocates  of  the 

bibasic  tlieon%  who  call  the  double  salts,  hihasic  salts^  but  they  produce 
three-fold,  five-fold,  seven-fold,  eleven -fold,  and  eighteen-fold  oxalate?, 
wliich  ai'e  by  no  means  «^y  to  rcnxHicile  with  the  }»ihasic  theory.  Knv, 
even  the  salts  witii  an  even  number  of  acid  radicals,  are  often  more 
difficultly  explicable  oa  the  bibasic  than  on  the  monobasic  theory.  Such 
salts  are: 

AmOO»  +  3(MgOO»)      I        CoOO"  +  9(AmOO«) 
MgCO*  +  7(MnW)      I       CoOO»  +  jCCocCO*). 

The  fommlai  of  the  multiple  oxalates  which  are  given  in  the  above 
table,  are  ranch  simpler  than  the  formulfiB  that  are  usually  as< nljed  to 
tlieni.  Tlii.s  is  particularly  the  case  with  the  salts  of  the  Uasylic 
Metallic  Badicalst  which  are  distinguished  in  the  Table  by  the  final  "c"  of 
their  8ymfaol&  See  page  33.  l£nr  this  simplificatioii  <if  tiie  fennoki 
is  effected,  I  hm  explaiiied  by  an  em&ple  giveQ  9i  page  37 ;  but  in 
Older  to  leave  no  donbi  on  thb  sobject,  I  wul  now  eiamine  one  or  two 
more  exampleB  of  complex  oxalates. 

Chromic  oxalate  forms,  with  the  oxalates  of  the  alkalies  and  earths, 
two  series  of  salts,  viz.,  dark-bloe  salts,  which  form  bluish-green  eola- 
tions in  w^ter,  and  cherry-red  or  garnet-coloured  salts,  fonnin^  rheny- 
red  solutions  in  water.  The  formula  of  the  blue  salts  is  3(MO,C*0^)4- 
(  T*(y,3C*0»  =  C"MK;r*0'*;  that  of  the  red  Siilts  is  M(  ^CO" -f  CrH/, 
3C'0*  =  CMCr«0' V    Gnuim,  Handbook  0/  Chmutry,  ix.,  1 37. 

Blue  ammoni'xhnmic  oxalate,  3(NH*0,C*0*)  +  Cr*0',3CW  +  6aq. 
MUsclieiiich,    This  is  equal  to 

I  consider  Ci*  to  be  replaceable  by  GrcP,  and  I  doable  the  atomic  weight 
of  the  carbon  and  oxygen.  The  nmnber  of  atoms  then  beoomee : 

N»H'*Crc'W«  +  aq'. 

All  these  numbers  are  divisible  by  3,  which  redaces  the  atoms  thus : 

NHHJroCW  +  aq». 

This  gives  us  KIPCO'  +  CrcCU*  +  aq,  or  ZH*,Crc;  (CO*)^  +  aq, 
which  represents  a  tlouhle  oxalate  with  one  atom  of  water  of  cn'stal- 
ization.  All  of  the  blue  salt^  are  of  the  same  construction,  and  belong 
to  group  b  in  the  above  Table. 

Eed  afimomo>^!hramh  oxdlai0,  NH'0,CW  -f  CiV,3<rO*  +  8  aq  « 
(7(NH«,(V)0»  +  8  aq,  OuuUn.   This  is  equal  to 
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Making  the  aamki  corrections  as  before,  ibis  becomes 

NHWCW  +  Aq\ 
These  numbers  are  indivisible,  and  the  compooud  requires}  the  formula : 
NHW  +  3(CrcCCF>  +  aq*  =  ZH*CreP;  (CJO^y  +  aq*. 

Thi';  salt  in  therelore  a  quadroxalate,  and  belongs  to  group  df  in  the 

above  Table. 

Oxalate  of  rmujnesia  and  ammonia,  irtlh  excess  of  the  amfiioim-salt, 
2i^C\2NH*jO"j  4-  C^(Mg,NH*)0"  +  4  aq. 
The  ultimate  constituents  of  this  compoSmd  are 

N»H*Mg»C^  +  Aq*. 

After  doubling  the  atomic  weight  of  carbon  and  oxygen,  they  become 

N*H«Mg»(?0««  +  Aq«. 

Tiies^'  numbers  are  indivisible,  and  they  con^^(Xiuentlv  prothico  the 
compound,  (ZH*)*  Mg;  (CO«)«  4.  aq*=  5(ZH*,CO*)  4.  ilgCO^  -f  a*]" ; 
which  is  the  salt  marked  group  y  in  the  Table;  the  aq*  being 
neglected. 

formal  oxalate  of  alumina,  =  AW,  3CCP,  JBerzelius,  ^V^AVC/* 
(Tmefuk^CAliO*,  GerMt. 

After  sabetitatiog  AlcP  Ibr  AP  (see  page  28),  the  forarala  AlK)*, 
3CH3^  becomes  AkKSy*,  Afler  doubting  the  atomic  weight  of  C  and  0, 
this  fonnala  becomes  AlcPC^.  Alter  division  by  3t  we  have  the 
simple  formula,  AlcOO^,  which  brings  the  salt  into  group  a. 

OxahU  qfaktmna  ami  laryta.  3(BaO,CW)4.(AI*0*,3CW)  + 
10  aq  and  +  30  aq.  [  «  C'*Ba'*Al*0^  +  lO  and  -f*  30  aq,]  Umeliii, 

This  salt  is  evidently  of  the  same  stractore  as  the  Uoe  chromic 
oialateSy  and  is  liable  to  a  similar  leductioD. 

Ba»APCW«  =  Ba'AkWO**  =  BaAlcCfO*. 

Consequently  the  salt  belongs  to  group  5. 

Ammonio^mnganotis  oxalate.  C*(NH*,Mn)0' -f  4.  aq,  <?iwZiiri.  This 
fomnila  is  equal  to  ZHM\rii,(CO*)*  +  aq*.    Group  o. 

Basic  ammonkfviaiujaiioiiit  oaxikUe,  C*(NH*,Mn)0'  -f" 

C^Mn'O"  +  8  aq,  Gnielin. 

These  elements  may  be  aiTanged  thus : 

And,  after  doubling  the  atomic  weight  of  C  and  0,  they  become 
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And  these  atoms  may  be  grouped  into  a  quadruple  oxalate,  thus : 


ZH»]VIn,CO«  I 


The  radical  ZHWd  is  an  ammonium,  in  which  is  replaced  by 
Mn*.  The  oonstitotion  of  this  class  of  aaotised  compounds  will  be 
explained  in  a  subsequent  section. 

These  examples  of  oxalates  are  snflkient  to  show  what  dear  and 
intelligible  formolfle  can  be  given  to  the  whole  of  them,  when  you 
adopt  the  monobasic  theory  and  abandon  the  hypothesis  which  assumes 
that  they  contain  the  Inmberii^  bases  that  are  called  sesquiosides. 

NoXKirCLATUBB  OP  THB  COXFLBX  OXALATES. 

AmCrc  (CO*)'  Ammona  chromic  bicarbete. 
Ba  Ale  (CO*;*  Baryta  alic  bicarbete. 
Am'Zn(CO^)*  Anunonen  zinca  tricarbete. 
AmGrc^CO*)^  Ammona  cfaiomisic  tetracaibete. 
Am^Cd  (CO*)^  AnamoDon  cadma  pentacarbete. 
Am^Mg(00^'  Ammonun  magna  nexacarbcie. 

It  docs  not  seem  to  be  advisable  to  apply  names  to  very  complex 
oxalates ;  such  sis  those  containt'd  in  groups  (j  to  k. 

Tribasic  Oxalates.  IVsides  the  multiple  salts  of  normal  oxalates, 
there  exist  some  others  of  which  a  brief  notice  may  l:>e  taken.  The 
following  are  tribasic  salLi,  formed,  hke  Uie  tribasic  phosphates,  by  the 
combination  of  a  normal  salt,  wiih  a  salt  on  the  model  of  water : 

a.  H  CO*  +  HHO    =  H»  CO*  Hvdrine  carbite. 

b.  ITcCO*  -f  UcUcO  =  Uc'CD^  Uiinie  carbite. 

c.  PbCO»  -f  PbPbO  =  Pb'CO*  Plumbine  carbite. 

Salt  a  is  the  ordinary  crystallised  oxalic  add  s  CH^)*  +  4  aq,  ChM- 
Un,  6  is  the  normsl  uranic  oxalate  =:GYaIPO*)0*,  Gmdm,  c  is  the 
basic  oxalate  of  lead  =  4PbO+C*Pb*0^,  GmOin. 

Tbtrabasic  . Oxalates.  These  are  of  similar  constitution  to  the 
pyrophosphates — ^namely,  they  are  compounds  of  normal  oxalates  with 
tribasic  oxalates.   Examples : 

a.  AmCO*  4-Uc  CO',UcUcO  =  AmUc^C'0*  Ammona  urinic  carbennte. 

b.  K  CO*  4-Uc  CCUcUcO  =  KUc»,  CK)*  Potassa  urinic  carbenute. 
e^AmCO'  +  H  00",  HHOa  AmH"»  Ammonahydrinecarbenute. 
<f.  BicOCF+BicOO^, BicHOsHBic*,        Hydra  bisminic carbenute. 
e.  SbcOO'+SbcOCP,SbcHO«HSb6*,       Hydra  stibinic  carbenute. 
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UsucU  names. — a  =  oxalate  of  uranyle  and  ammonia  =  C*(U'0')(NR*)(  >\ 
Gerhardt,  h  =  oxalate  of  uranyle  ami  ]3ota'?h  =  C*K(U*0*)C)*,  Gerhardt. 
c  =  acid  oxalate  of  ammonia  =  C*(H,N1I*)0^  -j-  2  aq,  Grmlin  ;  sometimes 
called  binoxalate  of  ammonia;  in  accordance  with  which  wo  am,  on  the 
radical  theory,  write  the  formula  thus :  AniCO*  4-  HCO*  -f-  aq.  There  is 
alao  a  quadroxalate  of  anmioiuft,  which  Gmelin  descrlbos  as  the  hyperacid 
fliat=C*(H,NH«^0P,OHW  +  4  aq.  This  can  be  fonnukted  either  as 
a  qnadvosalatei  tons:  AmOO*  -f  3H00^  +  aq*,  or  as  a  doable  tetzabasic 
oxalate,  thtts : 

AmCO«  4-  HCO«,HHO  1  _  J  AmH«,C«0»  [      .  ^„7/,^v, 

HW + Hoo»,HHO  f  "  \    H^c^)•  r  "  {y^r- 

</  =  Oxalate  of  bismuth  =  2BiO",2CK)*,2HO. 

e  ss  Antimonic  oxalate  =  C'(U,SbO*)0*,  Gmdin. 


Tiie  Carbonates. 

**  Though  but  a  feeble  acid,  tlie  carbonic  acid  unites  with  the  metalUc 
protoxides,  and  ioans  a  numeroiis  aod  important  class  of  salts  which 
are  monobtnic ;  that  is,  they  contain  one  equivalent  of  the  add  to  one 
equivalent  of  the  base,  like  carbonate  of  lime  (GbO,CO*).  In  the  case 
of  the  alkalies,  a  second  equivalent  of  carbonic  acid  may  be  combined 
with  the  metallic  oxide ;  thus  with  potash  there  is  a  carbonate  (KO, 
00*),  and  a  bicarbonate  (K0,H0,3C0*)  ....  The  carbonates  have 
considerable  tendency  to  combine  with  each  other,  and  form  doable 
salts,  like  dolomite,  which  is  a  double  carbonate  of  lime  and  magnesia 
(MgO,CO«4.CaO,CJO«).*  — MiUer,  EkmmU  ^  CAmistty  (1856), 
ii.,  p.  480. 

These  are  the  commou  opinions  of  chemists  concemiiig  the  car- 

bonat^«. 

If  I  double  the  atomic  woiglit  of  carbon  and  oxygen,  the  formula 
for  carbonate  of  potash  becomes  KKCO',  tliat  of  bicarbonate  of  poliLsli 
becomes  KHCO*,  and  that  of  dolomite  becomes  MgCaCO*.  In  short, 
carbonic  add  becomes  bibasxo  ;  not  bibasic  in  the  sense  in  which  the 
soiphates  and  oxalates  are  assomed  to  be  bibasic ;  not  endowed  with  a 
bibasidty,  which  is  so  doabtftd  as  to  leqaire  a  million  of  plausible 
aigamentB  to  be  advanced  in  support  of  it,  and  yet  remain  desperately 
nnoertain  after  all,  but  bibasic  in  a  direct  sense,  the  truth  of  which  is 
demonstrable,  if  yott  admit  the  atomic  wdght  of  C  to  be  I  a,  and  that 
of  O  to  be  16. 

This  result  of  doubling  the  atomic  weights  of  carbon  and  oxygen  was 
pointed  out  to  chemists  by  Dr.  Clark  in  the  year  1826  (see  page  8), 
and  was  rep^^t^'dly  urged  u\x)n  tl'^ir  attention  in  my  essay  of  1834; 
yet  up  to  thib  day  the  carbonates  are  assumed  to  be  monobasic, 
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simply  because  chtausts  will  not  double  the  atomic  weights  of  carbon 
and  oxygen  :  they  will  ha  forced  to  do  it  ultimately. 

The  oxalates  being  constituted  thus:  MO, CO,  the  carbonates  are 
ooostitxited  thiu :  H0,00+MO.  They  are  (xmseqiieDtly  liaaic  oialales. 

MO,<X)  «=  Neutral  Oxnlates. 
MO  -f  (MO,CO)      Neutral  carbonates, 
HO  4-  (MO.CO)  =  Bicarbonates. 
MO  +  (M0,00)  =  Double  Gurbonates  (dolomite,  &c). 

NoHBirCLATIJBI  OP  TBB  GaBSOITATB. 

The  names  are  framed  on  the  synoptical  formids. 

I.  CaCa,  CO*    ,    ,    .  Calcen  carbite. 


2.  KH,  C0» 

3.  MgCa,  CO» 

4.  BaCa,  CC^ 

5.  ZH*H,  C0» 
6-  FeFe,  CO* 

7.  FeMg  00* 

8.  PbPb,  00» 

9.  OecCeCfOO* 


Potassa  In  Ira  car  bite. 
Magna  caka  carbite. 
Baryta  calca  carbite. 
Amrnona  hjdn  cartiite. 
FerreDOOs  carbite. 
Fenoms  mafpA  carbitei 
Plunben  cubite. 
Cefeoic  carbite. 


Usual  names, — i,  Carbonate  of  lime.  2,  Bicarbonate  of  f)oUi^li. 
3,  Carbonate  of  lime  and  magnesia,  or  bitterspur.  4,  Baryta-calcite. 
5,  Bicarbonate  of  ammonia.  6,  Iron  spar,  or  r  ai  bunute  oi  iron.  "7,  Me- 
sitine-spar.  8,  White  lead  ore,  or  native  caibonate  of  lead.  9,  Ceric 
carboDate. 

Basic  Carbonates.  The  carbonates  not  only  combine  with  each 
other,  but  with  water,  and  with  salts  fomied  on  the  model  of  water, 
and  thus  produce  a  great  variety  of  comphcated  basic  salts. 

Examples. 

I  u  ZH^Mg,00^  +  aq*.  AmtnoiUL  magna  oaibite  aqfoete  s  carboDate  of 

magnesia  and  ammonia, 
I  a.  2(HgMg,CO*)-H)(CaC3a,CO^.  Bis  m^gnen  carbite  tciscalcen  carbite 

-  dolomite. 

13.  CaC«,00*  4-  3(MgMg,00*).   Oaloen  carbite  taris  magoen  carbite 

=  oonite. 

14.  CucCiic,C0'  +  CucHO.    Cupreoic  carbite  cum  cupnc  hydiafee 

=  blue  copjjer  ore. 

15.  CucCuc,C0^  4-  2(CucH0}.    QipieDic  carbite  bis  cupric  hydrate 

=  malaciuu,'. 

16.  PbPb,CO*  -f-  PbHO.    Plumben  caibite  cum  plumbic  hydrate 

=  wliite  lead. 
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17.  PbPb.CO"  4-  2PbH0.    riuiuljen  carbite  bis  plumbic  hydrate 

=  dicarbonate  of  lead. 

1 8.  NaNa,CO»  4-  4(PbPb(X)').  Natren  carbite  tetrakis  plumben  carbite 

s  carbonate  of  lead  and  soda, 
to.  MgMgOO*  4-  aq.  Magnen  carbite  aquate  as  Magnesia  alba. 

In  some  cn^r  -,  the  basic  salts  of  a  single  metal  are  very  numerous, 
and  pre£k.'nt  combinations  for  whicli  it  is  difficult  to  provide  simple 
names.   The  followiog  is  an  example  of  such  a  series  : 

19.  Zn*CO*.  Zincen  carbite. 

aa  Zn*CO*  4-Zn>  H'O'.    Zinoen  carbite  tria  zinca  hydrate, 
ar.  Zn'CO*  4-Zn*  H*0.    Zincen  carbite  com  zmcen  hydronite. 

22.  Zn*(/C)*  4-Zn' H*0*.    Zincen  carbite  cum  zincad  hydronute. 

23.  (Zn*CO*)*4-Zn*  H*0*.    Bis  zincen  carbiU'  cnm  zincon  hydnulute. 

24.  ZuHJO*  4-Za'*H^(/.   Zincen  carbite  cum  zincabon  hydronoze. 

Ka  to  ia  the  neutral  carbonate  of  sine,  or  zino^par;  the  others  are 
basic  carbonates.  The  water  of  sach  salta  is  usually  reckoned  apart. 
In  these  formnba  and  names,  the  hydrogen  is  placed  with  the  oxygen 
which  is  in  excess  of  the  quantity  that  bebngs  to  the  normal  salt,  and 

the  metal  is  reckoned  by  itself.  This  method  gives  a  clear  account  of 
the  salts,  but  pnxiuce^  n«mes  tliiit  have  an  awkward  appi»anince.  Ex- 
fn^me  convenience  and  exUeine  accuracy  in  nomenclature  must  always 
(iilFicult  of  comi)ination  in  relation  to  basic  salts,  and  chemists  have  to 
deternime  to  what  extent,  and  under  what  circumstances,  conveni^ce 
and  accuracy  shall  give  way  to  each  other. 

Cakbonatfis  with  (JoMfouND  Positive  Radicals* 

35.  C*H»,C*H^  C(>*  ,  .  Etlivlen  carbite. 

a6.  Cir.CH*;  CCy    .  ,  Methyla  ethyla  carbite. 

27.  K,C«H' ;  CO*  .    ,  .  Potassa  ethyla  carbite. 

28.  rm",('^H'»;  C0»  .  ,  Amylen  carbite. 

29.  i:'Cl\C'Cl*;  CO*  *  ,  Chloruuic-ethylen  carbite. 

30.  Ba,CH^ ;  CO*  .    •  •  Baryta  methyla  carbite. 
3J.  C*H»,C*H»;  C0»  .  .  Butylen  carbite. 

Usttal  names. — 25,  Carbonic  ether  =  C"H**0*,  GerJmrdt,  Oirbonate 
of  ethvl  =  C*H*0,C(/,  Gmelin,  26,  Carbonate  of  etliyle  and  motliyle, 
or  ethvl-methyl-carbonic  ether  =  CHXf,  Gerhardt  =  0*H»0,CO»  4- 
CWO\C(^,  fColbe.  27,  Carl)ethylate  of  potash  =  KO,C" H  0,C^0^ 

28,  Carbonate  of  amyl,  or  amylcarbonic  etlior  -  C*'H"0',  Gerhardt. 

29,  Perchlorinated  carlx)nic  ether  =  CCl'O",  Gnielin.  Perch Itm  arbonic 
ether,  or  carbonate  of  [>erchlorinated  eiliyle  =  C'*C]'*0*,  Gerhaixit,  30, 
CarlK)niethy late  of  horytes.  3 1 ,  Carhonato  of  butyle  =  C*HW  =  CH*0, 
CO*,  Grnelin,    Wuru  gives  as  the  iuilowing  choice  of  formulae 
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The  Chlorides. 

The  composition  of  hydrochloric  acid  is  representoil  b\'  the  formula 
HCl ;  that  of  the  ordinary  neutral  chlorides  is  represented  by  MCI. 

Is  hydrochloric  acid  a  monobasic  or  a  polybasic  acid? 

Almost  every  chemist  will  reply  that  it  is  monobasic. 

Yet  we  find  such  compounds  as  these,  PtQ*  and  AuCi*,  which  are 
produced  thus 

H«,C1»  -  H«  +  Pt  =  PtCl«  +  H«  disengaged. 
H*,a»  -  H*  +  An  =  AuQ»  +  H«  disengaged. 

If  the  replacement  of  H*  and  H*  by  equivalent  (juantities  of  other 
positiv*^  mdiciils,  when  considered  in  referenco  to  other  negative  radiails, 
constitute  >  fhe  cliaracters  of  hUHisicxtij  and  terbasidti/i  whv  do  we  not 
give  to  hiciilondes  the  title  of  bibasic  salts,  and  to  terchlondes  the  title 
of  terbasic  salts?  Why  are  PtG*  and  AuQ*  not  written  PtcK^l*  and 
Auc'CP? 

Most  chemists  take  shelter  from  this  difficulty  under  Dalton's  law  of 
combination  in  multiple  properties.  "  It  frequeutly  happens,"  says  Pro- 
fessor Miller,  "  that  chlarine  oombineB  with  the  same  metal  in  nxnre 
proportions  than  one ;  ht  emnple,  with  iron  a  protochloride  (FeCl) 
and  a  aeaquichloride  (FeFCl*'^  may  be  formed ;  with  platinum  a  proto- 
chloride (PlCl)  and  a  bichloride  (PICI*)  may  be  obtained ;  and  gene- 
nlly,  for  each  oxide  of  the  metal  w  l  ich  is  capable  of  uniting  with  acids 
to  mim  salts,  a  corresponding  chloride  exists." — M^mmUs  <^  Chmistry^ 
li.  520. 

Gerhardt  treats  the  question  as  follows : — 

*'  The  chlorides  which  correspond  to  mineral  bases  are  monatoiuic, 
biatomic,  or  triatoniic,  according  as  the  leases  are  derived  from  one,  or 
two,  or  three,  molecules  of  water. 

0.  Chlorides  of  monatomic  bases 

Chloride  of  potassium    .    .    .  CIK. 

Chloride  of  silver  ClAg. 

Chloride  of  platinosnm   .   .    .  ClPt 
(  s  Protochloride  of  platinum.) 

b,  Ciiloi  ides  of  biatomic  bases  : — 

Chloride  of  platinicum    •    .    .  CPPt  «  CI"  | 
(  B  Bichloride  of  platinum). 
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c.  Cblorides  of  triatomic  bases : — 
Chloride  of  almamium  ,  • 

Chloride  of  bismuth .    .  , 


al. 

Cl*Al«  «  Cl»  i  al. 

al. 


cm 


fbi. 
=  C[*\ hi. 
[hi. 

faa. 
an. 
au. 


Chloride  of  gold  U'Au 

— Traite  da  Cham  Orgaiviqm^  Umie  iv.  71a. 

Gerhaidt*8  theory  appears  to  me  to  be  much  preferable  to  the  theory 
which  is  commonly  received  by  chemists,  and  which  is  expressed  in  the 
above  quotation  fix>m  Professor  Miller.  The  doctrine  that  two,  or  three^ 
and  even  five  or  seven  atoms  of  chlorine,  can  combine  with  one  atom 
of  a  metal  to  form  a  chloride,  seems  to  rest  on  no  good  foundation. 
It  is  much  simpler  to  suppose  that  every  chloride  is  a  compound  of 
two  radicals,  one  atom  of  chlorine  nncl  one  atom  of  metal,  and  this 
view  is  in  accordance  with  the  constitution  of  most  chlorides,  provided 
we  apn'o:'  with  the  doctrine  that  it  is  possible  for  certain  metals  to  form 
two  ditllrent  chemical  atoms,  the  bsisyloas  and  basylic  atoms,  which  I 
have  explained  in  the  article  at  page  32. 

This  doctrine  is  expressed  in  Gerhardt's  propositions,  quoted  above, 
but  it  is  almost  smothered  by  the  model  of  water "  theory  with 
which  the   chloride*'  theory  is  needlessly  intennined. 

The  salts  that  are  refmed  to  by  Muler  and  Gerhardt  in  the  above 
qootattona,  I  should  ibrmulate  and  name  as  follows : 


Miller's 

.    Fe  CI 

Fe  CI  . 

,  Ferrous  ci)l<n-a. 

Fe*Cl* 

Fee  CI  . 

.  Ferric  chlora. 

•  PtCl 

Pt  CI  . 

.  Platous  chlora. 

PtCP 

Ptca  . 

.    .  Platic  chlora. 

Geriiardts 

;— CI  K 

K  CI  . 

.  Potassa  oil  lord. 

CI  Ag 

Ai^  CI  . 

.  Argf-nta  clilom. 

CI  Pt 

Pt  CI  . 

.  Pktous  chlora. 

01*  Pt 

PtcCl  . 

,    .  Platic  chlora. 

C1»AP 

AlcCI  . 

>   ,  AlicchlofB. 

Cl'Bi 

BicO  . 

,   •  Bismic  chlora. 

CVAu 

AncCl  . 

,    .  Auric  chlora. 

The  valuoof  these  symbols  is  given  in  the  Table  at  page  28. 

In  this  rnannpr,  these  chlorides  are  all  rej)resentable  as  monatomic 
chlorid*^,  or  Siilt3  of  monobasic  hvthochloric  acid.  I  cannot  perceive 
iiuii  duy  advantage  is  derived  horn  Gerhardt's  triple  fonnula^,  buch  as : — 
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C  au. 

Ci»  ^  al.  CI'  i  hi.  CP  i  au. 


f  al. 
laL 


1 


au« 


These  symbols  remmd  one  of  the  arithmetic  of  a  savage*  who  can 
only  mark  3  by  marking  i  three  times. 

The  notioD  that  every  chlonde  is  a  salt  containing  but  one  atom  of 
chlorine  is,  no  doubt,  liable  to  certain  exceptions — such,  for  examplct 

as  the  pentachlorides  of  antimony  and  of  phosphorous,  wliich  com- 

ponniU,  like  the  pentasulphides,  I  confess  myself  unable  to  reconcile 
with  the  common  salts  of  thp  r-idical  theory.  I  do  not,  indeed,  be- 
lieve that  F*  and  r  ver  ajnibine  directly  with  one  atom  of  another 
radical,  yet  I  am  not  prepared  to  offpr  any  other  satisfactory  explana- 
tion  of  this  difficulty.  There  is  a  discovery  yet  to  i  e  made  in  reference 
to  the  functions  of  these  multiples  of  S,  CI,  and  some  other  elements. 
Some  kind  of  compound  radioU  is  probably  produced,  but  of  a  kind 
that  is  nut  at  present  comprehended. 

MuLTiFLB  Cblobideb^ — ^The  chlorides  oomtnne  with  each  olher  to 
produce  doubly  triple,  and  quadmple  dilorides. 


Examples  of  Double  Chloiudi;^ 

1.  ZH\Cuc;  CI*   .    ,   ,  Amroona  cnpric  chloien. 

2.  ZH*Alc,Alc;  a*  .   «  Alicam  alic  chloien. 

Examples  of  Triple  Chlorides. 

3.  Am.Mg^  Cl^ .    .  •  •  Anunona  magnen  chlorine. 

4.  ZH^Alt  .Al  :*,Cl*  •  •  Alicam  alenic  chlorine. 

5.  K,Ptc*,CP    «    •  .  •  Pota^isa  platenic  chlorine. 

6.  AiD,Ftc',Cl*  •    •  •  ,  Ammooa  platenic  chbrine. 

Umui  flames. — i,  Ftolochloride  of  copper  and  ammonhun,  'NE^JiCL 
+  CuCU  Gmdm.  a»  See  asotic  ladicals*  No.  6a  3,  Double  chloride  of 
magnesimn  and  ammomimiaNHK!l,aMgCl.  4,  See  azotic  radicals, 
No.  61.  5,  See  platinum.  No.  20.  6,  See  platinum,  No.  22.  All 
these  triple  chlorides  admit  of  another  fonnula,  viz., 

AmCl  +  2MgCl  =  Ammona  cblom  bitt  magna  chlora. 
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Theory  of  Azotic  liadicals. 

The  radical  azoto  combines  with  other  radicals  to  produce  cotnjoimd 
[positive  radicals.  In  doing  this,  it  controls  the  affinities  of  those 
radicals  to  such  an  extent,  that  their  ordinary  saturating  ( apacities  are 
totally  ]wralysed,  and  remain  so  as  long  as  the  conabinatioa  endures. 
This  jKjwer  of  control  azote  exercises  in  two  degrees. 

First  degree. — One  atoin  of  azote  combines  with  two  radicals  to 
form  a  triple  coni]  K>und;  which  may  be  repres/Mitt  il  \\y  the  ibrmula 
ZMM,  wiucii  compound,  consisting  of  three  rudiails,  has  a  saturatincr 
power  equal  to  that  of  one  radical ;  in  other  words,  the  saturating 
ca}tk:ities  of  the  two  radiails,  MM,  are  paralysed,  and  the  radical  Z 
alone  retains  its  saturating  pjwer. 

Second  degree, — 0!?E  atom  of  azote  com  hi  nes  with  yo\}M  radicals  to 
form  a  fpiiutuple  coni|K>uiid,  which  in.iy  li  '  re])res<.'UU'd  by  the  formula, 
ZKMMM  ;  which  comp)und,  a)ii.-iisting  of  live  radicals,  has  a  >^.iiur;4i- 
ing  power  ecpial  to  that  of  one  radical ;  so  that  here  again  the  saturating 
capacities  of  four  radicals  are  paralysed. 

The  S"VTnbol  M  in  these  formulfc  signifies  hydrogen,  or  any  rnt  tal,  or 
my  hv(lrocarlx)n  which  has,  sepaiatcly,  the  properties  of  a  ladicai, 
eidicr  positive  or  neg;ative. 

The  metalloids,  Cl,Br,I,  the  element  oxygen,  and  all  nitrogenous 
compounds,  are  excluded  from  the  number  of  the  radicals  that  can  com- 
bine with  azote  to  produce  the  oompooiKl  radicals,  now  tuder  oon« 
skiention.  Tbtsexdosionisstxictlylii^fltedoii ;  because  many  diemists 
ilknr  themselves  a  great  lioenoe  in  thia  particular.  But  wmle  CI,  Br, 
and  I  are  excluded,  as  radicals,  from  among  the  radicals  that  can  replace 
U  in  the  oomponnda  ZM"  and  ZM\  it  k  not  intended  to  eidade  the 
Tioe-radicals  of  which  theae  metalloids  are  oonatitnents  hf  sabstitation. 
See  page  131.  No  hydrocarbons  are  exduded  firom  the  replacing  radi- 
cals, kft  even  those  of  the  moet  powerM  negative  energies  are  capable 
of  pn)ducing  ammoniums,  and  lose  their  saturating  capacities  while 
QDder  the  domination  of  aasota. 

This  governing  power  is  oceidsed  by  azote  only  in  theee  two  degrees, 
aad  the  products  of  its  action  are  so  fiff  under  the  control  of  the  che- 
mist, that  he  can  at  pleasure  experimentally  convert  the  compound 
Zlf*into  the  compound  ZM^  and  the  compound  S^M*  into  the  compound 
ZU" ;  but  thia  he  cau  do  only  while  the  tx>mpound8  are  in  combination 
with  other  nidicab.  He  is  unable  to  isolate  either  ZH*  or  ZM\  and 
tbeir  existence  is  consequently  not  to  be  proved  by  experiment,  but  only 
to  be  inferred  from  circumstantial  evidence,  the  nature  and  extent  of 
which  we  proceed  t<^  take  into  consideration. 

It  is  to  be  onderatood,  therefore,  that  this    theory  of  the  asotic 
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radioaU*'  is  not  to  be  a  bare  cnumenitioii  of  &cts,  but  is  to  indnde  the 
erposition  of  a  **  theory  "  of  the  azotic  radicals,  and  a  theory,  too, 

which  ditFors  in  a  ^^reat  many  respects  from  any  that  h;is  hitherto  been 
submitUtl  to  tlie  consideration  of  chemisfc?,  AftPr  tmnn^jr  tlie  outline 
uf  the  theory,  I  shall  adduce  a  multitude  of  facti»  and  examples  to  sup- 
port it. 

When  an  azotic  radical  of  tlie  first  onlor  =  Z^V  contains  hydrogen 
only,  it  produces  the  compound  ZH*,  which  is  commonly  called  ami- 
dogen.  This  term  it  is  proposed  to  abiidge  to  Amid,  which  is  then  to 
be  made  subject  to  the  numeial  termixiak  which  have  been  propoeed  tor 
all  radicals,  namely — 

ZHV  (ZH«)«.  (ZH»)*. 

Alllida»  AmiAm,  Amfa^ino, 

When  this  radical  assumes  the  form  ZHM  or  ZMM,  it  is  to  be  ooo- 
sideied  as  a  Vxos-Amid,  or  sabstitate  for  the  noimal  amid,  ZIP. 

When  an  azotic  radical  of  the  second  order  ZM^  contains  hydrogen 
only,  it  produces  the  coraponnd  ZH^,  which  is  commonly  called 
ammonium.  This  term  it  is  proposed  to  abridge  to  Ammon,  which  is  to 
be  made  subject  to  the  usual  numeral  terminals;  thus— 

2H*  (ZH7.  (ZH*)*. 

AiniBoiiA.  AoinoMo*  Ammoiiiiw* 

When  the  radical  ZH*  assumes  any  of  the  forms  ZH'M,  ZH*M*, 
ZHM*,  ZM^  it  is  to  be  considered  as  a  VlG£-AMMOii,  or  substitute  for 

the  liornial  amnion  ZH*. 

The  sym])ol  M  m  the  above  formuke  signifies  cither  a  metallic  radical 
or  a  hydrocarbon  radical. 

KOMENCLITUBB  OF  VlCfi-Alf  IIS  AND  ViCB-AhXONB. 

Since  the  vice-€unids  and  vic(Mimmous  diBer  lioiu  noinuil  amid  und 
normal  ammon  only  by  containing  metallic  radicals,  or  compound  radi- 
cals, in  place  hydrogen,  atom  fyr  atom,  it  foUows^  that  if  the  names 
of  such  vioe-amids  and  vioe-ammons  can  be  made  to  nominate  and  enu* 
memte  the  replacing  ndicalsi  liiey  will  give  all  the  information  that  is 
requisite  the  accurate  discrimination  of  the  respective  oompoonds. 
Such  a  nomenclature  can  be  arranged  as  fiiUows : 

A.  Dtscrmination  af  Via-Amids. 

Case  a.  Suppose  II'  in  ZH*  to  be  replaced  by  a  hydrocarlxm,  say 
phenyl  CH\  so  as  to  produce  tlie  vice-amid  ZH,CT!*.  The  name  is 
to  be  Phgnylac,  where  p/wnyl  indicates  the  replacing  radical ;  a  shows 
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die  number  of  replacing  atoms,  and  c  is  as  arbitrary  sign  which  sig- 
nifies a  vice-amicL 
Case  b,  Sttppc»<o  H' m  ZH"  to  be  replaced  by  two  atoms  of  the 

hy(lrocarl>on,  say  (O'H*)*,  producing  a  vice-omid  of  the  form  Z,C°H*, 
C^*,  or  Z(CH*)*.  The  name  is  to  be  Phenylec,  which  differs  torn 
the  former  only  in  having  the  letter  e  to  intimate  the  presence  of 
two  atoms  of  phenyl,  instead  of  the  letter  a  to  intimate  a  single 

atom. 

Case  c.  When  H*  in  ZH*  are  replaced  l)y  two  ditferont  hydrocarbons, 
6ay  Methyl  (>H"  and  Aniyl  C*H",  producing  tlie  vice-radical,  Z,CH*, 
The  name  is  to  \)q  Mlthylic-Amylac,  where  the  name  of  the 
more  l>asic  of  the  two  radic-ils  is  used  as  an  adjective  to  qualitv  the 
name  imposed  on  the  vice-amid  by  the  othar  more  acid  radical,  bee 
page  73. 

Oi<?e  </.  When  the  replacing  radical  is  a  nit  tal.  The  name  is  then 
dfrived  from  the  abridged  names  of  the  metals  tiiat  are  givpii  in  the  last 
oolumn  of  the  Table  of  Elements,  priuted  at  page  28.   Examples : 

ZHK  =  PoMBSAC    ZHAg  m  Abokntac.    ZKK  =  Potassbc. 

Bot  if  the  replacing  metal  is  one  of  those  which  have  two  different 
chemical  atoms  (the  basyloos  and  basylic  atoms),  the  distinctive  marks 
of  those  different  atoms  must  be  retained  in  the  name  of  the  vioe4miid. 
See  )iage8  33  and  87.   Examples : 

ZHHg  =  MEROusAa      ZHHgc  =  Mericac. 

B.    Ducrimimtion  of  \\c&-Ammoi\s> 

The  TicQ-ammoos  can  be  distingiushed  from  one  another  by  a  nomen- 
dslare  exactly  similar  m  principle  to  that  which  has  been  ^iplied  to 
the  ^oMmids,  only  changing  the  arbitrary  terminal  of  each  name  from 
c  to  m. 

Onee.  The  vice-ammon  is  r^msented  by  the  fimnnla  Zff yC?H*. 
Name:  Agbttlaic.  This  name  Indicates  an  ammonimn  in  whic^  one 
stom  of  hydrogen  is  replaced  by  one  atom  of  acetyl »  O^IP«  Any  other 
bfdrocubon  mi^  oocor  hi  place  ^  acetyl.  This  is  the  most  numerous 
iod  most  Important  dass  of  the  vice-ammons. 

C^/«  The  replacing  radical  is  a  metaL  Formula :  ZIPAg.  Name : 

Cise  The  replacing  radical  is  a  basylous  metal.  Formula :  ZHH}u. 
IJame :  CupROCSAM. 

Case  A.  The  replacing  radical  is  a  basylic  metal.  Formula:  ZIPPtc* 
Name  •  Platicam* 

Cms  i.  The  leplaoement  of  HSIP,HMT\  in  ZH\  by  a  similar 
somber  of  other  raaicals»  prodnoes  a  series  of  compomids  which  require 
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names  of  the  following  forms;  methyl  is  taktu  0:9  an  example^  but  any 
other  radical  may  occur  instead. 

ZH^CH'.      Nam: — Methylam. 

ZmCWy.  —  Ml-THYLEM. 
ZH((;H«)".       —  MfclXHYLlM. 

Z   (CM')*.     —  Methylom. 

Oase  1L  When  ihe  hydrogen  in  ZH*  js  replaced  hy  tm  different 
nulicsk.  The  DinneB  are  jegiuated  in  this  case  on  the  principle  that  has 
described  nnder  case 
Examples 

Z,CH",(C*II')V  Name : — Methylic-ethyltm.  (a.) 

ZH',C*H*,CH*.    ACETYLIC-PHKNYLAM.  (6.) 

ZH,C"H*,C»H»,Cir.       —        TOLUENYUC-ETHYLEM.  (c.) 

T*he  name  (a)  intimates  that  the  vioMnmon  is  an  ammonium  in  which 
H*  haye  been  replaced  fay  three  atoms  of  ethyl  (CIP)\  and  which  woold 
therefore  simply  require  the  name  ethylim ;  but*  as  tlie  fonith  atom  of 
hydrogen  has  been  replaced  by  metli  vl  CH^  it  is  necessary  to  qualify  the. 
name  of  the  vice-ammon  by  the  prefix  meihyHo-*  In  like  manner,  the 
name  (6)  intimates  the  modification  that  is  made  in  a  phenylam^  or  an 
ammonium  that  contains  one  atom  of  phenyl,  by  the  replacement  of 
another  atom  of  its  hydrogen  }>y  acetyl.  Finally,  the  name  (c)  intimates 
that  the  vice-ammon  contains  two  atoms  of  ethyl  and  one  atom  of 
toluenyl.  In  this  aise,  th<»  name  of  tiir  single  atom  is  used  to  qualify 
the  name  attorded  by  tlie  two  utoins.  Tins  is  with  a  view  to  simplicity 
in  nomenclature.  But  as  tohienyl  is  an  acid  radical,  this  practice  is  con- 
trary to  the  rule  laid  down  under  case  c ;  to  which  rule,  however,  it  is 
easy  to  conform  by  describing  ZH,C*H*,C"H*,(7ir  as  ethylenic-tolo- 
enylam. 

Oase^  When  a  ▼ico'^mmoncontams  more  than  two  kinds  of  ndicals 
besides  hydrogen,  the  name  most  at  present  canaist  of  s  mere  ennmerar 
lion  of  its  coostitiientB. 

Eixamples:— 

Z,CH',(?H»,CTP,  C*H".    Nam :— Zot-metlivla-cthvlen-amyla. 
Z,CH',C*H*,C*H",CH* .      —  5^t-methyla-ethyla-amyia-phenyla. 

The  name  now  applied  to  Z^SS^S^f^^^S?^^  »  mef%k)diethyl- 
amylammonium,  so  tnat  in  this  case^  the  new  nomenclature  is  merely 
not  retrograding.  When  we  know  a  greater  nmnber  of  the  compounds 
of  this  class,  we  may  be  able  to  &nn  a  more  oompendknts  nomendatare 

for  them. 

The  terminals  applied  to  the  names  of  zotic  radicals  can  never  ho  mis- 
taken for  those  tliat  are  recommended  to  be  applied  to  radicals  proper. 
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or  to  oxidised  radiails.  See  pacre  86.  The  names  are  therefore  not  onJy 
short,  but  iii  every  case  exact  and  free  from  doubt. 

For  the  sake  of  the  convenience  which  is  afforded  when  we  can  speak 
of  difoent  classes  of  compooDds  in  general  terms,  it  is  proper  to  add  the 
following  definitions : — 

Amid  is  the  nonnal  compound  ZHP*  The  viofr«mid8  are  of  two 
kinds;  amicbtcSf  in  which  is  replaced  by  another  radical  =  ZHM; 
and  aaddtcs  in  which  H*  are  replaced  by  two  other  radicals  =  ZMM. 

Ammon  is  the  normal  ammonium  ZH^  with  which  the  common 
symbol  Am  is  equivalent.   The  vioe-ammons  are  of  four  Idnds : 


Ammonam  s  ZH*M« 
Ammonem  =  ZIPM*. 


Ammooim  s  ZHM*. 
Ammonom  ^  ZM\ 


When  jM  hi  these  fornuiUu  is  ri'placeil  l»y  the  symbol  of  a  compound 
radical,  the  words  mind  .ind  ammon  in  the  coneiipunchng  luiuies,  are  to 
be  replaceti  by  the  names  of  tlie  replacing  radicals,    Tinis  : — 


ZH,eiP  =  Phenylac, 
Z{C»H"/  =  Amylec 


ZB^C'IP  =  Phenvlara. 
Z(ejti*'/  =  Amyiom. 


lifiL^nON  OF  Til£  AmIDS  TO  TU£  AmMOIIS. 

The  amids  and  ammons  of  every  description  nsually  act  In  salts  as 
positive  radicals.  The  basic  pro})ertie8  of  the  ammons  are  stronger  than 
tfaoae  of  the  amids ;  hence  the  amida  can  act  as  negative  radicals  towards 
the  aramoDS.  Different  amids  can  also  act  as  negative  and  positive 
radicals  towards  one  another.  Generally,  but  not  always,  nor  necessarily, 
the  salts  of  the  amids  with  oxygen  adds,  contain  one  atom  less  of 
oxygen  than  is  contained  in  the  conrespoudiog  salts  £>rmed  by  the 
ammons.  The  reason  of  this  is,  that  the  governing  power  of  the  azote 
IS,  so  to  speak,  ex|);insive  and  contractive,  and  can  be  made,  at  the  will 
of  the  chemist,  to  contn>l  either  MM  or  MMMM;  in  ronsefjueiice  of 
whiefi  property,  the  salts  of  the  amids  and  amnions  are  reciprocally  con- 
vertiMc  the  one  into  tlie  other  by  reactions  tliat  are  expressed  in  the 
following  i-ijiuitiuns : — 

(a.)  (ZMMMM)O  +  RO  =  [(ZMM)  +  RO]  +  M,MO; 
or,  synopticaily,  ZMSRO*  «  ZM%RO  H-  M,MO. 

(6.)  [(ZMM)  +  ROl  +  M,MO  «  (ZMMMM)O  +  RO; 
or,  synopticaily,  ZM*,RO  +  M,MO  =  ZM«,RO^. 

where  R  siirnifios  any  acid  rndical ;  M  =  H  or  any  equivalent  of  H. 

In  re-cicti'Hi  a,  two  ra(li<als  are  removed  from  the  salt  in  company 
with  one  atom  of  oxygen.  The  salt  Ls  thereby  ii.duced  to  a  lower  degree 
of  oxidation,  and  the  amuiun  is  converted  into  an  amid.  In  reaction  bj 
tiie  operation  is  reversed. 
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Ccnwrtkm  <f  Ammons  iaio  AmUk. 
These  equations  may  be  illustrated  by  a  special  example : — 

Let  ZH' s  Ammonmm.      I      Let  H,00^  ^  Qnlic  add 
ZH'  a  Amidogen.        |  H,HO  »  Water. 

The  radical  ZH*  can  be  made  to  displace  the  radical  H  in  oxalic  add 
H,CO*,  and  to  ])rodn("o  the  salt  ZH*,CO*,  or,  as  it  may  be  expressed  in  an 
analytical  forniula,  ZH*(),CO.  This  salt  is  ronimonlr  call(Hl  oxalate  of 
ammonia,  or  oxalate  oC  oxido  of  ammonium.  By  an  ( xpo  jinnnt^  th<* 
details  of  which  do  not  belong  to  the  question  under  cuusi«.leratii  n,  the 
oxalate  of  ammonia  can  be  decomposed  into  two  other  salts,  thus ; — 

ZH^  +  00  =  ZIP.OO  +  H,HO. 

Oxahteof  AmiDOiiia.    Oxami4.  Water. 

In  oxalate  of  ammonia  wc  have  a  salt  that  is  not  fom\ed  on  f/ie  modA 
of  xoaier ;  for  whereas  \\  ator  contains  one  oxidised  radical  and  one  nn- 
oxidisod  radical,  this  salt  contains  two  oxidised  radicals.  In  process  a, 
one  of  th*'-e  radicals,  ZH*,  is  spht  np,  by  chemical  means,  into  three 
radicals,  Zti^,lI,H, ;  and  those  three  radiails,  with  the  single  atom  of 
carbon  and  the  two  atoms  of  oxvgen,  ]>roduce  two  salts  that  are  roallv 
formed  on  the  model  of  water  ;  one  of  them  being  actually  water  H,Ht.), 
and  the  other  a  salt  whose  structure  is  similar  to  that  of  water  Z1P,C0. 
This  salt  is  commonly  calltxi  oxamid.  In  accordance  with  the  projiosed 
new  nomenclature,  it  would  be  cnllrM]  ami  da  carbatk  ;  tliu^  nanic 
serving  to  indicate  one  atom  of  unoxidised  amidogen  acting  as  a  basic 
radical  against  one  atom  of  carbon,  acting  as  an  acid  radical  in  combina- 
tion with  one  atom  of  oxygen.  The  doctrine  of  the  formation  of  salts  on 
the  model  oi  water  is  particularly  valuable  in  aiding  the  explanation  of 
the  pi^ise  action  of  the  azotic  radicals.  There  cannot  be  the  least  doaht 
that  as  water  is  the  hydrate  of  hydrogen  ~  H  -f-  HO,  namely,  a  salt  con- 
taining two  mdicals,  so  oxamid  is  the  carbate  of  amidogen  =  ZH^-f" 
als(j  a  salt  containing  two  radie^ds  ;  and  ;is  this  explanation  of  the  equa- 
tion a  a))[)lies,  not  onlv  to  sUts  of  normal  amidogen  and  normal  ammo- 
nium, but  to  salts  of  all  the  vaiieties  of  vice-amids  and  vic^ammons,  it 
is  of  great  importance. 

Cmversim  of  Amis  into  Ammons. 

In  regard  to  equation  6),  it  needs  only  to  be  remarked,  that  the  ex* 
planation  of  it  is,  like  the  formula,  only  the  inversion  of  that  of  equation 
a\  When  oxaroid  ZH',CO  is  subjected,  by  pro|)er  chemical  means,  to 
the  action  of  H,HO,  the  governing  power  of  Z  is  enlarged,  the  noo- 
oxidised  amid  ZH^  beoomea  reconverted  into  the  oxidised  ammon  ZHH), 
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and  the  original  8alt»  the  oiahte  of  ammonia,  ZH^,GO  or  ZH\CO^,  is 
thoRN^hly  leoonstttated. 

Double  Salts  containmff  Amnum  and  Amidt, 

The  salts  of  the  amids  and  the  salts  of  the  ammons  have  a  great  ten- 

denc}'  to  combine  with  one  another,  and  tijus  to  produce  double  salts. 
Hence,  oxaniid  ZH*,CO  com1>inp.s  with  oxalate  of  ammonia  ZH'',(X)*,  to 
produce  the  double  salt  which  is  represented  by  the  Ibliowing  for- 
muise : — 


This  salt  is  commonly  called  oxamate  of  ammonia*  in  oonnequence  of 
the  prevalence  of  a  notion  that  it  is  the  ammonia-flalt  of  an  add  which 
is  oiled  OXAMIC  acid,  and  which  acid  is  astWMd  to  etmJtain  amidogen  as 
PART  of  its  Add  Eadical.    The  radical  theory  repudiates  the  idea  that 

any  add  radical  can  contain  amidogen  as  one  of  its  constituents,  and  ac- 
cordiniT  to  the  radical  thtory,  oxamic  add  ia  a  double  aalti  consiating  of 
oxatuid  and  hydrated  oxalic  acid»  thus  :-* 

ZH*,00         +  H',00»         8  H',ZIPj  CW. 
jj^jjj  I  Oxamid         +  OxaUc  add     =  Oxamic  add. 

^^^^  J  Amida  carbate  +  Hydra  carbete  =  Hydra  amida  carbenite. 

In  these  formula?,  H'  sigiiifios  an  atom  of  liydrop^cn  that  is  replaceabfe 
by  a  ]>ositive  radical,  oitluT  a  mot;il  or  a  hydr<)carl)on. 

This  double  salt  can,  like  oxiunid,  havp  its  unoxidised  amid  oxjK-ri- 
mentally  enlarged  by  the  addition  of  HHO  to  oxidised  ammon ;  the 
cuiidequence  of  which  enlargement  is,  that  the  so-called  oxaniic  acid  is 
converted  into  binoxalate  of  ammonia.    Thus :— < 

ff^H*;  CKF,  or  {  ^J'S  [  +  MO  =  {  ™ 

What  has  been  said  here  respecting  the  metamorphoaea  of  the  anunon 
and  amid  of  a  salt  that  has  carbon  for  ita  add  radical,  is  equally  true  of 
aalta  that  have  negative  bvdrocarbona  for  their  add  radicals;  of  which 
&ct  nmneiocia  examples  will  appear  in  the  following  Tables : — 


Nomenclature  of  th£  Double  Salts  of  Amids  and  Ammons. 

The  name  of  a  doable  salt  which  contains  a  salt  of  an  amid  combmed 
eHfaer  with  a  neutral  salt  of  an  ammon,  or  of  any  single  radical,  may  be 
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framed  either  on  the  analytical  fonntila  or  the  synoptical  formula.  The 
latter  f^vea  the  moat  oompendious  name,  and  ^1  be  generally  used. 
Examples : — 

a.  Where  the  Acid  Radical  is  Carbon, 

H,ZH*;CH)^  =  Hydra  amidacarbenite.  ^ 
ZH\ZH*;        ^  Ammona  amida  carbenite. 

Ag,  ZH* ;  (?Cf  =  Ai^enta  amida  carbeoite* 
C1P,ZIP;  CKf  B  MethyU  amida  carbenite. 

hy)Vh0r$  the  Acid  BadicoH  is  a  Hydrocarbon. 

H,  ZH*;  (C'^H'^yO'         s  Hvdm  amida  siiccinylonite. 
Ag,ZH*;  (C*H*)*()^         =  Argt-ntu  amida  siiccinvleriite. 
H;  ZH,CH*;  (eH')^  =  Hydra  plienylac  campborylenite. 

The  analytical  formnla  of  the  last  salt  is  as  follows : — 

ZH,C«H* ;  C*H^O  +  H,C*HW 

Name : — Phcnylac  camphorylate  cum  Hydra  camphoryletc. 

Somo  of  tlie  salts  that  contain  amids  are  volatile.  Xono  of  the  s;i1l» 
that  contain  amnions  are  volatile.  Some  of  the  double  s;ilts  that  eon- 
tain  both  amids  and  ammons  are  volatile;  but  they  have  not  yet  been 
thoroughly  examined. 

Gaseous  Salts  of  AmDOQEsr. 

In  the  y)nx:cding  development  (jf  the  theorv  of  the  azotic  radicals.  th»* 
Word  ainincaiia  has  Inn^n  intention.illv  avoided.  But  it  it  is  now  time  to 
explain  wh.it  is  mcaiit  l)v  that  w<>rd,  and  1  comme-nce  by  requesting  the 
reader  to  examine  the  notico  of  amiiionia  that  luis  been  already  given 
at  i>i\ge  99.  It  is  tlierc  stated,  and  it  is  to  be  here  rei>eated,  tliat  iun- 
monia  is  not  a  radical^  but  a  SAI.1.  Its  com]X)sition  is  commonly 
represented  by  the  formula  IsH\    M.  Gcrhardt  gives  it  as 

Km 

Ih 

In  aocoidance  with  the  present  theory,  it  is  ZH*  -j*  H,  which  formula 
represents  it  to  be  a  satt ;  namely,  a  hydride  of  the  radical  ZH*.  This 
salt — anunonia — ^has,  in  the  state  of  gas,  an  atomic  measnre  of  fu»  volumes, 
which  in  itself  is  almost  a  proof,  and  certainly  affords  a  strong  pre- 
sumption, that  the  gas  is  a  compound  of  two  radicals.  All  the  volatile 
hydrides  of  viceamida^  which  are  represented  at  page  99,  agree  with 
ammonia  in  this  characteristic  property  of  having  an  atomic  measure  of 
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two  volumes,  and  there  is  probably  no  exception  to  this  general  rule. 
It  is  reasonable  to  infer,  therefore,  that  all  the  hydrides  of  vice-amids 
are,  like  ammonia,  not  radicals,  but  salts — compownds  of  two  radicals. 

In  page  lOO,  another  table  is  given  of  a  series  of  the  gaseous  com- 
*x>aiids,  which  are  commonly  called  salt^  of  ammonia,  of  which  salts, 
(he  one  named  sal-ammoniac,  or  hydrochlorate  of  ammcmia,  may  be 
taken  as  the  model.  These  salts  Ywre  each,  in  the  gaseous  state,  an 
atomic  measure  of  four  Tolames,  which  is  an  indication  of  the  presence 
of  fbor  radicals,  or  the  constituents  necessary  to  produce  a  double  salt 
in  each  compound.  When  we  examine  ihe  ^muula  of  sal-ammoniac, 
we  find  it  to  be  ZH*,H  +  H,CL  We  have  here  the  whole  materials  of 
two  salts,  the  hydride  of  amidogeu,  which  of  itself  is  known  to  mea- 
snre  two  ToLumes,  and  the  hydride  of  chlorine,  or  hydrochloric  acid, 
which  also  Is  known  to  measure  two  volumes*  These  two  salts,  known  to 
exist  separatdy,  and  each  having  the  measure  of  two  volumes,  combine 
without  condensation  to  produce  the  double  salt,  the  hydrochlorate  of 
immonia,  which  has  consequently  an  atomic  measure  of  four  volumes, 
because  it  Is  a  compound  of  four  radicals  «(ZH'-fH>+  (H  +C1). 

But  upon  this  explanation  there  foUows  a  difficulty*   When  sal* 
ammoniac  is  brought  into  the  state  of  solid  crystals,  it  forms  a  com- 
pound which,  m  its  form,  and  in  many  of  its  chemical  characters,  closely 
agrees  with  the  salt  that  is  called  chloride  of  potassium.   Now,  chlo- 
ride of  potasshnn  is  considered  to  be  a  direct  compound  of  potassium 
with  chlorine,  a  hiaary  compound  in  accordance  witii  the  formula  KCl ; 
and  we  have  to  account  for  the  peculiar  circumstance,  hov?  It  Is,  that 
\  compound  of  two  radicals,  a  simple  salts  KCl,  should  appear  to  be 
the  coimterpart  of  a  salt,  the  gasecxis  pro]>erties  of  which  indicate  it  to 
be  a  double  salt  of       formula  ZH*,H  4-  H,C1.    The  only  rational  ex- 
planation of  this  difficulty  seems  to  be,  that  the  elements  which  consti- 
ite  sal-ammoniac  form  in  fact,  under  different  circumstances,  two  dif- 
srent  sfdts.    In  the  gaseous   tate,  they  produce  a  double  salt — ^the 
lydrochlorate  of  ammonia  sZH',H  4-  H,C1,  and  in  the  solid  and  aque- 
states  they  produce  a  simple  salt  =  the  chloride  of  ammonium, 
^H^  +  CI.    In  other  words,  the  gaseous  salt  contains  amidogen,  and 
.lie  soUd  salt  contains  ammonium.    In  the  solid  state,  the  government 
of  azote  is  exercised  over  H* ;  in  the  gaseous  state  it  is  limited  to  H*. 
Admitting  the  facts,  that  the  salts  of  the  vice-amids  are  frequently  vola- 
ile,  and  those  of  the  vice-amnions  are  always  fixed,  this  explanation  is 
cpiite  in  acTOrdance  with  our  experimental  evidence,  and  approaches  as 
nearly  to  demonstration  as  circumstantial  evidence  can  be  reasonably 
expected  to  do* 
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of  Ammonia. 


Saltb  of  Amnonioii. 

The  theory  wblch  I  have  just  explained  applies  to  all  the  corapoimda 
that  are  commonly  called  aalts  of  Ammonia  and  Ammonitun ;  in  &ct  to 
all  the  aalts  that  are  fonned  by  the  odfaabination  of  ammonia  with 
hydfated  adds,  whether  oxidised  or  non^ozidiaed.  Thns  it  applies  to 
tie  foUowlog  salts : — 

PropaMd  KaniM.  Prmot  Names. 

ZH^CS1       8  Ammona  chlom  »  Chloride  | 

ZH\Br       8  Ammona  hroma  s  Bromide  [  c  k 

ZHM         »  Ammona  ioda  =  Iodide    [  of  Amraommn, 

ZH^Cy       ss  Ammona  cyaoa     s  Cyanide  ) 
ZH^,Sb*     s  Ammona  sulphete  =  Sulphate 
ZH*,NO"     =  Ammona  nitrite    =  Nitrate 
ZH*,CO*      =  Ammona  carbete   =  Oxalate 
ZU^yCH'O'  ^  Ammona  aoetylete  =  Acetate 

The  salts  tha*  are  prodnoed  by  the  combination  of  ammonia  with 
anhydrous  oxygen  acids  will  be  described  in  the  comae  of  the  foUowing 
inveatij^rtion. 

Ajchonuted  Salts. 

Undpr  the  head  of  ammoniated  salts,  chemists  commonly  plarp  a  series 
of  compounds  wliich  have  not  bet-n  alluded  to  in  the  preceding  tiieory. 
They  consist  of  neutral  s;ilts,  either  «»f  hvdracids  or  oxacids,  combin<H] 
with  two  atoms  (jf  amnioma.  The  folluwmg  are  examples  of  such  saitb 
e^>re:>sed  in  the  fornjula3  in  common  use : — 

a,  Ammoniatod  chloride  of  silver  =  AgCl  +  2H,N. 
h,  Ammoniat(xl  nitrate  of  silver  —  AgO,X03  -f-  2H,N. 
c,  Ammoniated  suipliate  of  copper  =  CuO,SOs  +  ^H^N. 

[In  these  fomiikB  0  =  8.] 

The  fbrmolc  provided  for  these  componnds  by  the  theory  now  nnder 
diflcoaaion  are  as  follow : — 

a.  ZH*Ag,Cl  +  ZIP^  s  Ai^tam  chbm  com  Amida  hydra. 
h.  ZH*Ag,NC^  -h  ZIP,H  =  Aigentam  nitrite  com  Amida  hydnu 
c.  ZBK&fi€^4-  ZIPJGt  s  Copricam  snlphete  com  Amida  hydra. 

Accoi'linff  to  the  new  thef)rv,  these  coiuj>^>iinds  are  all  rec^ular  double 
salt*?.  Halt  the  ammonia  converts  the  metal  of  tacit  salt  into  an  ammo- 
nan  i.  The  other  half  combines  as  a  salt,  tlie  hydride  of  amidogen,  with 
the  anunoninm  salt,  to  produce  a  compound  salt  This  method  of  ex- 
planation will  be  ibond  to  dear  away  a  variety  of  difficnlties  which  ao- 
comi)any  the  ordinary  theories  respecting  the  compound  mercoiy  and 
platinum  bases.  See  the  section  on  salts  of  platonsam. 


UigiiiztKJ  by  ^-aOOgle 


(  199  ) 


Examples  of  Azotic  Badicals. 

HaviDg  briefly  explain^xl  tlic  proposed  theor}'  of  azotic  radicals,  I 
pfooeed  to  support  its  principles,  and  develop  its  details,  by  adducing  a 

namber  of  examples. 

The  salts  which  contain  azotic  radicals  aie  80  numeroiQS  and  varied, 
and  they  figure  in  chemical  books  under  so  many  different  names  and 
£:>nnuke,  and  are  made  the  foundation  of  so  much  chissiBcation  and 
theorizing,  that  it  is  difficult  to  compress  a  lucid  account  of  them  into 
the  narrow  space  which  is  necessarily  allotted  to  them  in  this  Essay. 

I  have  to  prove  tliat  the  propost^i  theory  is  of  g^eral  a{>plicability  ; 
that  its  fonnulai  are  accurate ;  and  that  its  nonK-nclature  is  sufficiently 
tiexibie  and  comprehensive  to  answer  the  purpose  ibr  which  it  is  reoom- 
mendefl. 

This  proof  requiros  a  considerable  number  of  examples.  T  have  col- 
lected nearlv  ;i  tiioasand.  They  do  not  by  any  means  constitute*  a  <  om- 
plete  cat;ilM_ni,.  of  the  salts  of  the  azotic  radiails,  but  tli^y  aiiord 
s:  -  :i[h  ns  of  the  most  characteristic  varieties.  I  have  arrimged  them  in 
groujis  wliich  will  exhilut  tho  different  classes  of  salts  of  the  azotic 
radicals.  I  have  given  tiicm  the  names  and  tormulse  that  are  demanded 
by  the  nidi^'al  theory,  and  I  have  added  a  S(.'ries  of  ex})lanatorv  notes, 
which  contain  the  ordinary  names  and  formuhe  of  the  selected  Siilts,  and 
serve  nut  merely  to  identify  them,  but  to  lead  to  the  discussion  of  a 
series  of  knotty  questions  respecting  azotic  radicals,  uj>on  wliich  at 
present  the  opinions  of  chemists  are  eitlier  divideil  ur  unsettled. 

Thes<:'  not<^  will,  however,  neither  depict  all  the  formula^,  nor  recite 
all  the  s\  lionymes,  which  the  ingenuity  of  chemists  ha>  cuutrived  for  these 
so-callfxl  "organic  Uises."  whicii  subsLiuices  infinitely  excei^l  all  otlur 
chemical  compounds  in  tin  \  anety  of  the  fluey  costumes  in  wiucli  tiiey 
have  been  imnJus  Lu  inaai^ucrade. 

Ammonias. 

SnmoN  I. — ^Ammorias,  in  which     is  bepilacbd  by  ahothsr 
Radical.  Htdeideb  of  Auidacb. 

1.  ZH,CH";  H  .  .  .  Amvlachvdra. 

2.  ZH,C«H»  ;  H  .  .  .  Acetvlac  hydra. 

3.  ZH,C*  H"  ;  H  .  .  .  liutylac  hydra. 

4.  ZHX*  H" ;  H  .  .  .  Conylac  hydra. 

5.  ZH,C'  H'^  H  .  .  .  Cnmenvlac  hvchiu 

6.  ZH,C^  IP  ;  H  .  .  .  Kthylac  hydra. 

7.  ZH,C*HT;H  .  .  .  I(Klenic-ethy lac  hydra. 

8.  ZH,C  H ;    H  .  .  .  Fomiylac  hydra. 

9.  ZH,(?H* ;  H    .  .  .  Leukylac  hydra. 
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AMMONIAS. 


10.  ZH,C]P  ;  H  . 

11.  ZH,C'W;  H  . 

12.  ZH,Na;  H   .  . 

1 3.  ZH,C«      ;  H  . 

14.  ZH,Cm*;  H  . 

15.  ZH,r«H^Cl:  H  . 

16.  ZH.r  H^Cl*;  H 

17.  ZH,CH*Br;  H  . 

18.  ZH,CTI"B«;  H  . 

19.  ZH,OT«I;H  . 
aaZHK;H  .  . 
ai.  ZH,C*H';H  . 

22.  ZH,Oir;H  . 

23.  ZH.C»H»;H  . 

24.  ZH,CfH*;H  . 

Section  a. —Ammonias  in 


lilethylac  hydra. 
Naphtylac  hydra. 
Natrac  hydra. 
Octylac  hydra. 
Phenvlac  hydra. 
Chloric-plionylac  hydra. 
Chloronic-phenvlar  hvdra. 
Brornic-jilionylac  hydra. 
Bromenic-plienylac  hydra, 
lodic-phenylac  hydra. 
Potassac  hydra. 
Piropylac  hydra. 
Tolueoylac  hydra. 
Valer}'lac  hydra. 
Xylenylac  hydra. 


WHICH  11* 

Radicals. 


AUK   lUii'LACiiD   by  OTHIuR 


A).  Amidacs  combined  with  Acid  Radicals. 

E  thy  lac  acctyliu 


25.  ZH,C*H^ :  C*FP  . 

26.  7A\m\^ ;  C^H^ . 

27.  ZH,CH»;  C*H\ 

28.  ZH,C*H»;  CH*. 

29.  ZH,eH";  C«H'. 

30.  ZH.CH' ;  CH^ . 

31.  ZH,eH*;  CI 

32.  ZH,CH";  CH*. 

33.  ZH,    K;  CH». 

34.  ZH,CTI»;  CW. 

35.  ZH,CTI»;  COT. 


Plienylac  iH-nzyla. 
Methylac  othyla, 
Acotylac  plu'iiyla. 
Amy  lac  phenyla. 
Ethylac  phenyla. 
Ethylac  chloric-plienyla. 
IMotiiylac  j)lienyla. 
Potassac  phenyla. 
Ethylac  propyla. 
Ethylac  tolaenyla. 


B).  Hydrides  of  Amidecs. 

36.  Z,C*H",C^H" ;  H  .    .    Amvlec  hvdnu 

37.  Z,CH',rH^ ;  H  . 


38.  Z,CH^CH^ ;  H 

39.  Z,CH%C»H' ;  H 


Ethvlec  hvdra. 

*  • 

.  ^fethylec  hydra. 
•    Fropylec  hydnu 

SscnoN  3. — Ammonias  nr  which  H*  abb  replaced  bt  other 

Radioals. 

Salts  of  Amidkcs. 
a.  The  three  Radicals  are  unlike. 


40.  Z,C  H',C^IP  ;  CTi" 

41.  z,c^H^ (j^H";  cnw 

42.  ZjCHSCH*;  CH*. 


MothyliO"«thylac  amyla. 
Ethyl ic-amy lac  phenyla. 
Metbylic-ethylac  phenyla. 
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b.  The  three  Radicals  are  alike. 


43.  H",eH";  OMl" 

44.  z,em^c^H";  i"'w* 

45.  Z.CW.iTW  ;  CH* 

46.  Z,CH»,CH»  ;  CH» .  . 

47.  Z  Cii,Cu ;  Cu  .    .  • 

48.  Z  HgCjHgc ;  Ugc .  • 

49.  ZK,K;K.   .   .  . 


Amylec  am  via. 
Cetylec  cctyla. 
Ethylec  ethyla. 
Mothylcc  methyla. 
Cuprousec  cuprous. 
Mt'riccec  meric. 
Potas;>ec  potassa. 


0.  Two  basic  and  om  ocidMadioal, 


51.  Z,C»H»  C»H»;  CTP  . 
53,  Z,C•H^  C*H* ;  C  H»  . 

53.  Z,C^H",C'H";  CH'  . 

54.  Z,C*HS  C*H* ;  rH»  . 

55.  z,c•H^  c.^H* ;  eii*a 


Ethylec  amyla. 
Amjlec  ethyla. 
Ethylec  methyla. 
Araylec  phcnyla. 
Ethylec  phenyla. 
Ethylec  chloric-pheDyla. 
Ethylec  toloenyla. 


Usual  Naiob  and  FoBMULjB  of  ths  Ammonias. 

No.  I.  Z}I,C^H";  H  is  commo&ly  denoted  by  ooe  of  the  three 
lowing  formulae : — 

f  C'^H" 

C»*H"N,  or  C»*H",H%  or  N  H 

iH 

These  thiee  fonniils  (in  which  C  »  6)  tnaj  be  taken  as  models  of 
the  formiils  that  are  uflusUy  given  to  the  ammonias  Nos.  i  to  34  in  the 
|]8t»  and  it  is  consequently  nerakss  to  quote  them  all.  In  the  same  way, 
the  ammonias  have  not  only  a  variety  of  formulae,  bot  a  variety  of 
names ;  No.  i ,  for  example,  being  called  amylamine,  amylla,  and 
azoture  (or  nitride)  of  arayl  and  of  hydrogen.  I  shall,  for  the  sake  of 
brevity,  only  quote  such  of  these  names  as  sen*c  cither  to  identify  the 
compounds,  or  to  exiiiljit  some  of  the  vagaries  of  chemists,  or  to  illustrate 
importimt  or  disputed  doctriu(^ : — i,  Amylamine.  2,  Ac»'tylamine ; 
acetylia.  3,  Butylamine;  butyria ;  tetrvlia.  4,  Conine ;  conia.  5,  Cu- 
midine.  6,  Ethylamiiie;  ethvlici,  7,  I  xiethylamine.  8,  Formylia. 
9,  Leukol;  quiuoliue,  10,  Metliyiarnine ;  methylia.  { 1,  Naphtylaraine, 
12,  Azoture  of  sodium  and  hydrogen.  13,  Octylia;  caprylia.  14,  Ani- 
line ;  phenylamine ;  phenylia ;  phepylamide ;  crystalline ;  krystsllin ; 
kyanol;  benadsm.  15*  Chlomiliiie.  16,  Bichlorantline.  I7,  Bio- 
naniline,   i8»  Bibiomaniline.   19,  Jodaniline,   ao,  Amidide  ot  potas- 
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sium.  21,  Propylamine;  tritylia ;  tritylamine ;  motac^tamine ;  ceny- 
lamine.    22,  Toluidiiie.    23,  Pijx^ridinc.    24,  Xylidine. 

25,  Ethyl-acetylia.  26,  Beiiz-anilide.  27,  Methyl-ethylamine.  a8, 
Phenylacetylia.  29,  Amylophenylamine ;  amylaniUne.  jo,  Ethykniline, 
ethyphenjiamine.  31,  Etbyl-chloranilinc.  32,  Methylaniline.  33, 
Auilide  of  potassiam.    34,  Ethyl-propylamine.    35,  Ethyl-toltxidine. 

36,  DiamylamiDe.  37,  Diethylamine ;  diediyliiBL  38,  Dimethjlft- 
miiie;  dimethylia.   ^9,  bipropymmfaie. 

40,  Methyl-^thyl-amylaniiiie.  41,  Ethyl-amylo-phenylamiai*  jp* 
Methyl-ethylo-phenylamSne.  43,  Triamjhmine ;  triamylin.  44,  Tri- 
oetylia ;  trioetjrlamiiie.  4^,  Triethykmioe.  46,  Trimeth/kroiDe.  47, 
Asotue  of  cnpiOBam.  48,  Nitride  of  tnereorjr.  49,  Azotore  of  pdis- 
sinm. 

50^  Btetiiylo^unylaiiiine.  51,  Biamylo-elihjiamine.  K2,  Meth7l<<lie- 
lihjlanuoe.  (3,  Dtamylo-phenylamiiie^  54,  Biethylanmne.  $5*  Bie- 
Ihjl-dikniilliiie.   56,  DiethyltdiiidiiMw 

Salts  of  Yke-Ammons. 

The  following  is  a  list  of  Salts  of  Vice-Ammons  ;  that  is  to  say,  of 
Salts  of  Ammonium,  in  which  the  Hydrog^  has  been  more  or  less  re- 
placed by  other  Radicals. 

Oboctp  a.  Amuonaus  =  ZH*M. 


57.  zn\(m*  ;  ci  .  .  .  . 

58.  zmc«iP;HO.  .  •  . 

59.  ZH», Ale ;  CI     .    .    .  . 

60.  ZH»,Alc;  CI4- AlcCl  .  . 

61.  ZH»,Alc;  Cl  4.  aAlcCl  . 
6a.  ZH^Ag;  C*H*0*  .    .  . 

63.  ZH»,Ag ;  CrO*  4-  ZU'H  . 

64.  ZH»Ba ;  CH^O*    .    .  • 

65.  ZH«,CW;  Cl   .    .    .  . 

66.  ZH»,Coc;  CO"  +  ZH'H  . 

67.  ZH^Cuc :  C0«  .    .    .  . 

68.  ZH'.Cuc ;  CO'  -f  CucCO" 

69.  CucCO*  +  ZH*,CO*  .  . 

70.  ZW.Cm';  CO'.    .    .  , 

71.  zH^(np;  HO ...  . 

7a.  ZH\C'H*;  Cl   .    .    .  . 


Acetylam  chlora. 
Ace ty lam  hydrate. 
Alicam  chlora. 

Alicam  chlora  cum  alio  chlora. 
Alicam  chlora  l)is  alic  chlora. 
Argontam  indyHte. 
Argentani  chromete  cam  amida 

hydm. 
Barytam  indylite. 
Butylam  chlora, 
Cobalticani  carbete  cum  amida 

hydra. 
Cupricani  carl)pte. 
Cupricani  carbete  cum  cupric 

carbete. 
Cupric  carbete  cum  ammona 

carlx^te. 
Ethyl  am  carl>ete. 
Ethylam  hvdrate, 
Etliylam  ciiloi^ 
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73.  ZI1»,C«H^  Br  .    .  . 

74.  ZH»,C«H*;  CI4.3AUCCI 

75.  ZH»,CH*;Cl  +  Hgca  . 

75.  ZIP,CH»;CO*,    •    .  . 

77.  ZlP,CH*;0(y  +  HOO« 

78.  ZIP,CH« ;  CI     .    ,    .  , 

79.  ZH»,CIP;  Br  ,    .    .  . 

80.  ZH^CH*;  I     .    .    .  , 

81.  ZH%CH*;a  +  Hgca  . 

82.  ZH*,GE*;  CI  +  3AUCCI  , 


83. 
84. 

85. 
86. 

87. 
88. 
89. 

90. 

91- 
92. 

93- 

94. 

95- 
96. 

97- 

98. 

99- 
100. 

102. 
103. 

104* 

105. 

106. 
107. 


ZH»,C"IF ;  CI  .  .  . 
ZH»,eW;Br.    .  . 

zH^c'w ;  I  .  .  . 

ZH^iSi ;  CO*  +  NiCO' 

ZH»,CW;00»    •  , 
ZH*,<7H*Br;  CO* . 
ZIP,C^*I;00^  . 
ZH*,CW ;  Br  ,  . 

ZH^e'H*;Cl  ,  . 
ZH",riP;I  .  , 
Zir^C'^HMk;  CI  . 
ZH»,CH*Cl ;  CI  . 
ZH»,C»H*I ;  CI  .  . 
ZH%C»H»;Cl  +  aPtcCl  . 

ZW,CW ;  PO»  ... 

(zH^c«H»)^H;  viy .  . 

ZH^C''H^  H*;  PO*  .  . 
(Z1P,C^H^)*,H*;  P'(y  , 

ZH»,K;CfHW  «  .  , 
2H»,OTr;a  •   ,   •  , 

zff.cni';a+2PtcCi. 

ZH',0IF;a  +  3AiicCi 
Zff,(7HT;  C0»  +  HCO« 


Ethylam  bronia. 

Ethyluni  clilom  tris  aiiric  chlora. 

Ethylam  chlora  cuin  meric 

dilora. 
Hethylam  carbete. 
Hydn  methylam  bicaibete. 
Methylam  chlonu 
Methylam  broooa. 
Methylam  ioda. 
Methylam  chlom  com  meric 

chloni. 

Methylam  chlora  tris  auric 

chlora. 
Naphtylam  chlora, 
Napht}  l;im  broiiia. 
Naphtylam  iuda. 
^'icollousam  carbete  cum  ni- 

coUodB  carbete. 
Pbenylam  caibete. 
Biomio-pbeDjIaiii  carbete. 
lodlophenylam  caibete. 
Phenylam  broma. 
Phenylam  chlora. 
Phenylam  ioda. 
Bromic-phenylam  chlora. 
Chloric-phenylam  chlora. 
lodic-pheny lani  c li  1  ora . 
Phenylam  chlora  bis  platic 

chlora. 
Phenylam  phosphite. 
Phenylamen  hytiia  {)liosphote. 
Phenylam  hydrtu  phosphote, 
Phenylamen  hydren  phod- 

pheneie. 
PotaMam  Indylite. 
Toloeoylam  dilora. 
'Tolnen^am  chlora  bis  platic 

chlora. 

Toiaeoylam  chlom  tris  anric 

chlora. 


Hjdia  toluenylam  bicarbete. 

GbOTTP  B.  AVMONBIfS  s  ZH*BP. 

ZH*,Hgc';  CI  ...    ,    Mericcem  chlora. 
ZH*(CH»y;I.    .    .    .    Methylem  ioda. 
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io8. 
J09. 
110. 
III. 

112. 


1x4. 

115- 
116. 

117. 


ZH'CHSC^;!  .  .  Ethylio-naphtylam  ioda. 
ZH',Hgc,CfII*;  CI  .  .  Meric-phenylam  chloia. 
ZH«((7H^)«;  HO  .    .    . .  B^leiD  hydrate. 

7M\Cm\(yiV ;  Br   .    .    Ethylic-phenylam  broma. 
ZH%CH',(7H';Cl-|-2PtcCl  Ethylic-toluenylam  cbloia  bis 

platic  chiora. 

Group  C.  Ahmoxuis  .»  ZHM*. 

ZH.(C»H")»;  CI   .    .    .  Amylim  chiora. 

ZH,{CH')M  .    .    .    .  Methvlim  ioda. 

ZH,ei \\C'\  WC'IP ;  Br  .  Phenylic-ethvlem  broma. 

ZH.C«H^C'H^('^H7;  I    .  Toluonylic-cthylem  ioda. 

ZH,C*H*,C'H*,C*H" ;  Cll  Amylic-ethylem  chiora  bis 
+  2PtcCl               I       platic  chiora. 


Guoup  D.  A^uoNOMs  =  ZM\ 


18. 

19- 

20. 

21. 

32. 

24. 
25. 
26. 


HO  .  . 

C\     .  . 

CO*    .  . 
H  ;  (CO')* 
ZH* ;      ;  (C0»)* 
ZH* ;  C^H^  . 
Z(C»H'»y;I  . 
Z(C^H"/;  110 
Z(C«H»y;  CI  . 

(?wy ;  HO  • 
C«HO*;Cl  +  aPtca 


30.  Z((?Hy;  a  +  3AticCl 


31- 
33- 

34- 

55- 

56. 

37- 

38. 

39- 
40. 


Z(CII7;I.  .  .  , 
Z(CIP)* ;  HO  .  .  . 
Z(CH7;Ci  +  aPtca 

ZHj?c*;CO«  .  .  . 
Z(C^H»)VC*H" ;  I .  . 
Z(r»H»y.C^H'» ;  HO  . 

Z(cni /,o*H";  a  + 

2PtcCI 


Z(C«H»y,C^* ;  HO 
Z(C«H^)*.CH';HO 
Z(CH')»OW;  ad- 


apted 


1 


Ammona  hydrate. 
Ammona  chiora. 
Amraona  carbetc. 
Hydra  ammona  bicarV)ott^. 
Hydiine  ammona  tetracarbete. 
Ammona  indvlite. 
Amvloni  ioda. 
Amy  lorn  hydrate. 
Ethylom  chiora. 
Ethjlom  ioda. 
£tbylom  hydrate. 
Ethylom  dilora  btB  platic 

chiora. 
Ethylom  chiora  tris  auric 

chiora. 
Methylom  ioda. 
Methylom  hydrate, 
Methylom  chiora  bia  platic 

chiora. 
Mericom  carbete. 
Amylic-ethvlim  ioda. 
Amylic-c-thylirn  liydrate. 
Amylic-t^tliylim  clilora  bis 

platic  chiora. 
PhcnyUc-ethylim  hydrate. 
Tolaenyiio-ethyiim  hydrate, 
Toltietiylio«thylim  chiora  bis 

platic  chiora. 
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141.  ZCH*,(CnP)>;I    .   .   .   .  He%Uoeth3rlim  loda. 

142.  ZCH>,CH»,C'H»,  C-H";  I    I  Zo^nMthyla^yleMmyla 

143.  Z,CH-,C*H*,C*H»,C»H";  CSl 

H-aPtcU 

144.  z,cH^c•H^c»H^OT;  I  { ^'{r^^^^^^ 

145.  Z,CH«,CTP,C»H",CTP;HO{  ^pu'^'i^  ^^^^^^^ 

146.  Z,CH",C*1P,C»H",CH*;  CI   I  Zot-methyla-ethyla-amyla-ph.- 

4-  sPtcCl  \     nyh  ciiioru  hiA  piatic  ciiiora. 


Zot-methyla-ethylen-amyla 

chlora  bis  piatic  chlora. 


UbUAL  1HAM£S  and  FoRMUT  ^  OF  THE  SaLTS  OF  THE  YlCE- 

Group  A.  Amhonams  »  2WM,  ^oe.  57  to  105. 

57,  (.'hlorlivtlrato  of  acetosaniino.  58,  Hydratoil  oxide  of  acotylium. 
59,  ('hloride  of  ahiTniiia  witli  aiunionia  =  3NH^A1'C1'.  60,  Ditto,  in- 
tenne<liat<'  bttween  59  and  61.  61,  Ditto  —  NH',A1*C!'.  SceGraelin's 
HaiuHx.Kjk,  iii.  320.  62,  Ts<Uatc  of  silver,  sec  Indigo,  No.  7].  63, 
Ai^nto-chromate  of  aniniouia  =  NH^AgO  -f-  iSii'*,Ci"0*,  Gmelin.  64, 
Indigo,  7I.  65,  Hydrochlorate  of  butyiamine  =  C]S'H",liCl,  Gmelin. 
66,  06bBltic  madAte  with  ammoDia  -  laNIP  +  Ci^K)^  +  6  aq., 
Omdm.  The  occnnrenoe  of  a  baaylic  atom  in  company  with  ammonia  is 
so  tmoommon  that  this  analysis  is  probably  incorrect.  67,  CSapric  oxalate 
with  two  atoms  of  ammonia  »  2NH*,(X;a*Cf,  OnuUm,  68,  Ditto  with 
I  atom  ammonia  =  NH',C*Cii*0',  Gmelin,  69,  Ammonio-cupric  oxalate 
=  CXNH*,Cu)0»,  Gmain.'  70,  Oxalate  of  ethykunine  «  e(C*ira)V. 

Omdin,    71,  Hydrate  of  othyl-ammonium  =  ^  |  pj((^'«}^»jjp  Gerhardt. 

72,  Hydrorhlorate  of  ethylamino,  or  chloride  of  ethylium  =  r*H^N,HCl 
or  ('*H"N,('I,  (rmelin.  73,  Kfjuivalr'nt  to  72.  In  this  and  similar  cases 
it  .v^enis  n(H-<ll(  >s  to  n-jxat  the  names  and  formula*  merdv  to  oxchaiiL'e 
CI  for  Rr.and  I.  74,  Chloro-aurato  of  cthylamine  =  C*H"N,  lU'l 
-f-  AiiCl=*  or  ('"H''NCl,AuCP,  Gmelin.  75,  Chforo-mercurate  of  i  thyla- 
mine  =  C*H^N,HC1  -f-  HgCl,  Gmelin.  76,  Oxiilate  of  metlivlaminc 
=  e(C^H«N)*C)«,  Gmelin,  77,  Binoxalate  of  metljylannne  =  C**(H, 
CVK)(r,  GmduL  78,  Chloride  of  methyl-ammonimn  «  Ci,N(CH*)H', 
(hrhanit.   Hydrochloiate  of  methylamine  =  €fH*N,HCI,  Gmdin.  79, 


'  Nob.  67  and  69  contain  water  of  crystallizatioD,  which  is  not  ex- 
pressed in  the  abore  formulie.  I  shall,  for  the  sake  of  bxeritVt  omit 
water  of  crystallization  in  all  cases  when  it  does  not  affect  the  aigo- 
ment 


Digitized  by  Google 


206 


i>ALTS  OK  VICT>AMMONICrMS. 


and  80,  Equivalent  to  -78.  81,  Chloro-mercoiBte  of  metbylamine  = 
0*fPN,  HCl,  HgCl,  Gmeiin.  82,  Cbloro-nnrato,  equivalent  to  81. 
83,  Chlorhydrato  of  n;iplitylaniinc  =  (rH^^^HCI,  G^rhnrflt.  84  and 
85,  Equivalent  txj  83.  86,  Oxalato  of  nickd  with  ammonia  = 
-f  C^Ni«0",  Gmeiin.  87,  Oxalate  of  aniline  =  OK)»,C'WN  4.  HO, 
hojmaun.  88,  Oxalate  of  bromaniline  CO»,C'*(H",Ur)N,HO,  Hof- 
mann.  89,  Analcnyous  to  88,  90  to  95,  See  Aniline,  Nos.  12  to  17.* 
96,  Pktinum-salt  uf  tlie  hyd  roc  hi  urate  of  aniline.  97  to  100,  See 
Aniline,  Nos.  32  to  35.]  lOi,  Isatate  of  j)otash,  see  Indigo,  No.  7.]  * 
xoa,  Hydrodilorate  of  tohiidiiie,  103,  Pbttin-diloride  of  tolukUne. 
104,  Aorocfaloride  of  toluidine.    105,  Binoxalate  of  toltiidiiie. 

Gfioup  B.  AiiMONEMS  =  ZH'M".  ^ofi.  106  to  112. 

106,  Mercuric  amido-chloride ;  infusible  white  precipitate  =  Hg,NH' 

+HgCl,  ira«4»  =  Hg«N  +  HgCl  +  NH*Ci.  Hammlsber^  =  N  (h^)c1. 

Watts,  107,  Iodide  of  dimethvlamraoninm  =  (H,H,<?H',C?H»)N1, 
HofmaiMU  108,  Iodide  of  ethyl-naphtliyl  immonium.  109,  See  Anitine 
22].  110.  Dibenzoylimide  =  C"H'*NO",  7i?o6??o«.  in,  HydrobfO- 
nutte  of  ethyiophenjlainine*   112,  ChloroplatiDate  of  ethyi-toloidme. 

Group  C.  Ammonims  =  ZHM*.   Nos.  113  to  117. 

1 1 3.  Hydrochlorate  of  triamvlamine  =  C»H«NJICI  =  (C"'H>')'^.HC1, 
Bo/mann.  114,  Iodide  of  triraethylaniraonium  =  (H,C"H»,C«H*,C*H=')NI, 
Hoffnann,  115,  Bromide  of  diethylophenylammonium.  116,  Io<lide 
of  niethyUtolaenylammonium.  117,  Pktinum-fialt  of  dietbykmylam- 
monium. 

Gboitp  D.  Ammonoms  ^  ZM*    Nos.  118  to  146. 

IT 8,  Hvdmted  oxido  of  amnioiiiiini.  or  .soliiti<Mi  df  ammonia  in  water 
=  jiiiio.  119^  Ciiloriile  of  ammonium,  or  hydrochlorate  of 
ammonia;  see  page  197.  120,  Oxalate  of  ammonia;  see  page  194. 
Normal  salt  =  CX2NH*)0",  Gnielin.  121,  Acid  oxalate  of  ammonia 
=s  (?(H,NH^)0»,  Gmeda.  122,  Hyperacid  oxalate  of  ammonia  s 
C(H,NH*)0».C*HK>»,  GimMa.  123,  laatic  acid;  see  Indigo,  8.J 
124,  Iodide  of  tetramylammoniam  a  (C^^H^'^NT,  HofnumtL  125, 
Hydrated  oxide  of  tetramylammonitmi  =  (C'*'H")*NO,HO,  Hofnumn. 
126,  Chloride  of  tetrethylamm  t  i  f  i  =  (C*H*)*NC1.  127,  Iodide  of 
tetrethylammoniom  =  ('r'H*)*NI,  Jl'ifmann.  I28t  Hydrated  oxide  of 
tetrethylammoninm  s  (C^H^)*N0,H0,  Bafmann,    129,  Plationm-salt 


'  In  the  cases  where  coropoimds  are  Mly  explained  in  the  sections 
hoadrd  Indigo,  Aniline,  &c.,  instead  of  repeating  the  explanations,  I 
shall  refer  to  them  by  numbers. 
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of  tetrelihyhniiiKniiam  »  (C*H^yNa,Pta*,  Hofmam}  lyy.  Gold  salt 
oftefcrethylammoiuam  =  (CH'O^NCl,  Aua*,  HcfmamL  131,  Iodide  of 
MnDnethylamnuniiiim  s  ?C*H'yNI,  Hofmmn,  132,  Hjdrated  oadde 
of  tetramethylammonium  (C*H*yNO,HO.  133,  Platmuni-salt  of  tetra- 
methylammomam  ss  ((?H")*NC1,  PtCl*,  Hofmann.  134,  Oxalate  of 
tetramercnrammoniiim  =  C*(NHt/)*0*,  Gerhardt.  135,  Iodide  of  tri- 
ethyhiniylammoniiim  (C*H*/,  C'^'H",  NI.  136,  Hydrated  oxide  of 
triethvlamvlaminoniiiin.  13*7,  Platinum-Siilt  of  triethvlamvlammoniiini. 
I  j8,  Hydrated  oxide  of  iripthylophenylamnioniiini  C'*H*(C*H*)»NO,HO, 
Hofmann.  Gnielin  assumes  in  this  salt  tlie  prosonoe  of  a  comjx)und 
which  he  calls  trivinanilin  =  C**NH'»  =  C'XC*H7NH«,H*.  139,  Hy- 
drated oxide  of  triethyl-toluenylammonium.  140,  Chloroplatinate  of 
triethyl-toluePYlammoDium.  141,  Iodide  of  tnethylometbylammonium 
=  CW(C*H')«NI,  HofmanL  ia2.  Iodide  of  methylodiethylarayl* 
ammoiiiiim,   143,  The  platinum-salt  of  the  cliloride  of  methjlodietbjl- 

I(?H»  j 
^  ^'    NCl,PtCl«,  Ho/tnann, 

(J*  }|j  I 

Qioj^u  ?  NI,  Hof- 
C'«IP  I 

maun.  145,  Tho  hydrated  oxido  of  inotliyletliylamylophenylammoniuin, 
Hofmann.    146,  The  platioum-tialt  ot  the  last  base 

^0Hn[NCl,PtCl«,  Hofuiann, 


*  Dr.  Hofmann's  formulae  of  the  ammonoms  are  generally  written  in 
the  following  style,  which,  in  this  instance,  and  in  many  other  Instances^ 
I  have  compressed  in  the  text  to  save  room : 


KCi,Pta". 


What  advantap^e  is  gained  by  inflating  the  formula  ol  an  anuiioniuni 
until  it  occupies  four  linc:s  ? 
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Investigation  of  the  Compounds  which  are  produced 
by  the  abstraction  of  Water  from  the  Salts  of 
Ammonia. 

**  The  salts  of  oxide  of  ammoniimi,  both  neutral  and  add,  when 
subjcct('<l  to  the  influence  ol  licat.  loso  either  two  or  four  r»quivalents  of 
UitU'i,'  four  cliis,Si>s  of  comix>unds  b<iiiig  thus  produced;  neutral  oxalate 
of  oxido  of  ammoniam  by  die  lofls  of  two  eqoiTaleiits  of  water  becomes 
oxamkle,  while  bj  the  elhrniiatioii  of  fom  equivalents  of  water  cyanogen 
or  oxalo*nitri]e  ig  fonned.  Blnozalate  of  ammoiila,  when  loeiiig  two 
equivaknts  of  water,  is  converted  into  oxamic  acid.  A  compound  arising 
from  the  binozalate  by  the  loss  of  foar  equivalents  of  water  has  not  as 
yet  been  formed;  this  term,  however,  is  found  to  be  represented  among 
the  derivatives  of  the  ammoniarsalts  of  various  other  acids,  e.  g.,  of  cam- 
phoric ;ind  phth;ilic  acids,  camphorimide  and  phtaliniide  being  bicam- 
phorate  and  biphtaiatc  of  aniin('!i!;\  —  4  ecjnivalcnts  of  water.  We 
may  tbtis  distinguish  an  derived  from  the  ammoniarfialts  by  loss  of 
water—* 

I.  Amides, 
a.  Nitriles. 

3.  Amidogen-acids. 

4.  Imidogen  compounds.  (Imides)." 

— Hofiuann,  Quariarltf  Journal  pf  the  Chmnkd  Sodety  (i  849),  ii.  331. 

I  have  copied  Dr.  Hofinann's  classification,  because  it  has  been  adofited 
by  several  chemists.  I  propose  to  examine  the  constitution  of  the  com- 
pounds which  constitute*  those  four  classes,  nnd  to  show  in  wliat  forms 
they  respectively  appear  when  viewed  in  the  light  of  the  liadicai 
Theory, 


>  In  Hofinann's  numbers  two  equivalents  of  water  =  HO  4-  HO. 
This  is  only  one  equivalent  on  the  radical  theory  =  H,HO. 
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Amids  produced  by  the  abstraction  of  one  atom  of 

HIIO  from  the  Neutral  Oxalates  of  Vice-Ammo- 
niums. 

147.  ZIP;  00  Amida  car  bate. 

148.  ZH,C»H*;  CO     .    .    .  Phenjlac.carbate. 

,^  jZH^CTH'';  CO)  JFhenylaccarbate  comamida 

*49-|zH»      ;  OOf  •   •   '  \  cazbate. 

150.  ZH,0  IP ;  00    .   .   .   Methvlac  cazbate. 

151.  ZH,0«IP;  CO  •  .  •  Eibjlac  cazbate. 
15a.  ZH,OV*;  00    .   .   .   Amylac  carbate. 

Uscrii.  Naxeb  of  trbsi  Aum 
147.  Oxamide  »  W^CKf  «  2(WNyC^  »    H*In>,  MUkr.  Ox- 


aiiiide»  or  diazotnre  of  oxaljle  and  hydrc^gen  m  CFE^}^Kl^ 


iC'O" 
H" 


Geriiardt.    C^Ad'0%0«,  Gmelin, 

The  rationale  of  the  production  of  this  compound  invon  at  page 
1 94.  i  have  included  oxamide  in  this  section,  for  the  bake  ot  bhowing 
its  relation  to  other  amids. 

DuMAs's  Theory  of  Oxaiude. — "  It  has  been  supposed  that  oxamide 
might  be  represented  by  two  binary  elements — oxide  of  carbon  and  a 
partictilar  azoture  of  hydrogen  less  hydiogeoated  tban  aminaDia,  and 
which  has  not  yet  been  iaolated.  Oxamide  mider  that  form  would  be— 

C0»  +  Az«H\ 

Between  these  two  components  we  have  to  find  that  which  plays  the 
negative  part,  and  our  choice  is  readily  directed  by  the  following  con- 
aidemtion.  We  know  that,  in  general,  when  a  body  decompoees  water, 
its  negative  element  takes  up  the  hydrogen  and  its  positive  dement 
the  oxygen.  Consequently,  as  oxamide  decomposes  water  to  pass  to 
the  state  of  oxalate  of  ammonia,  we  see  that  the  azoture  of  hydrogen, 
which  takes  up  the  hvdrogon,  must  bo  the  negative  element,  and  that 
the  oxide  of  carbon  whicli  unites  to  the  oxyc^on  must  net  as  the  positive 
element  in  tlu'  compound." — I>umas,  Traitc  de  (  'himie  appliquee  aux 
Arts  (Liege,  1847),  partte  Organi/jKc,  tomo  i.  p.  64. 

According  tty  M.  Dumas,  aniidogen,  =  ZH',  acts  in  oxamide  the  same 
part  that  chlorine  or  cvanogen  acts  in  neutral  salts.  It  is  the  acid 
radical ;  while  CO,  or  oxide  of  carbon,  acts  as  the  positive  or  metallic 

P 
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ladical.  The  sole  gnnmd  for  ibis  opinkxi  is,  that  cganifde  oombineB 
with  water  to  produce  oxalate  of  [innnonia;  and  M.  Dumas  infen  thenoe* 

that,  since  ZH*  combines  with  H%  ZH*  must  needs  be  an  add  radical. 
That  is  his  whole  evidence,  and  very  poor  evidence  it  is.  At  the 
time  of  tlie  discovery  of  oxamide,  M.  Dumas  could  not,  of  course,  trace 
its  true  character  iis  clearly  as  we  can  trace  it  now ;  but  the  assumptions 
that  ZH*  could  be  an  acid  radical,  and  that  CO  could  [>«•  a  basic  radical, 
seem  to  me  to  be  «'xtravagant  even  for  that  ])eriod.  They  certainly  are 
sutreestious  which  would  not  have  been  listened  to  for  an  inst;uit  from  a 
man  who  had  been  less  successful  in  the  world  than  M.  Dunuis. 

148,  Oxanilido;  auiluxamide.  See  Aniline,  No.  40].  149.  Ox- 
aniluniide ;  oxamid-aiiiloxamide.  ^  See  Aniline,  No.  41].  No.  146  is 
the  amide  of  the  vice-ammon  oiakfte,  Na  87 ;  and  Ko.  149  is  a  double 
salt,  composed  of  No.  147  and  Na  146. 

150,  Dimcthvl-oxamide,   or  f  CO* 
di;iz<  )ture  of  dimetbyle   C*  IP  NK)*  =       (C  W)* 
and  oxalyle.                                       [  H* 

151,  Diethyl -oxamide,    or  f  CO* 
diazoture  of  dietbyle   C  H"2JH)«  «  N«  I  (C«H*)« 
and  oxalyle.                                     I  H* 

I«a,  Diamyl  -  oxamide,     or  f  C*0* 

diazoture  of  diamyle  C'H^NV  -  N«UC*H")» 
and  oxalyle.         '  I 

The  last  three  names  and  formulsB  are  Gerhardt's.  In  these  formulxe 
everything  is  doubled^  because  Gerhaidt  chose  to  considsr  oialic  add  as 
btbasic.^1  have  elsewhere  shown  the  weakness  of  his  argmnents  on  that 
point  (see  page  177).  Tndependentlj  of  the  bibasic  £dlacy,  the  present 
examples  are  objedaonable  in  another  important  particaiar:  he  fonnu- 
lates  oxidised  salts  as  ammonias — that  is  to  say,  as  vioe-ammonias,  or 
substitntes  for  ZH*,H'.  In  doing  tliis^  he  assumes  that  the  add  ladical 
of  the  salt  with  ail  the  oxygen  Is  one  of  thre$  forom  which  act  tquaU^ 

[CO 

upm  the  azotic  atom*    Thus,  Z  <  CH".   This  assumption  is  of  ooone 

\  H 

gratuitous :  it  gives  rise  to  coni})licat(xl,  and  theri  lbre  troublesome, 
fonnulic;  and  it  conveys  notions  ri  spectin^  the  constitution,  not  only 
of  ammonias,  l>ut  of  salts  in  rrenoral,  which,  in  my  opinion,  are  qmU: 
inaccurate,  and  which  are  totally  <it  variance  with  tlie  great  principle  of 
the  radical  tlieory,  iliat  all  salts  are  comjx)unds  of  two  radicals.  For 
these  reasons  I  entirely  reject  Oerhaxdt^s  ammonia  type.  In  simplidty 
and  comprehennveness  it  is  much  inferior  to  the  plan  which  is  pro- 
vided by  the  radical  theocy. 
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Amids  produced  by  the  abstraction  of  one  atom  of 
HHO  firom  the  Neutral  Salts  that  are  formed  by 
Normal  Ammonium  with  Organic  Acids. 

Proposed  KaiMi.  Usual  Kiines. 

155.  ZFP.CH'O  Amida  acetylate    .    .    .  Acefcimide. 

13^.  ZH^^C^CPO  Am:  1,1  t  hlorinic-acetylate  Triclil(»r:i(»'tajnide. 

155.  ZH'X^'H'O  AiiihU  aiiisvlatc  . 

156.  ZH*,C^HM)  Ami  111  benzylate  . 

157.  ZH«,C^HHJ  Aniuia  butvrvlato. 

158.  ZH*,C*H'0  Aniida  caiii])horvlate 

159.  ZH*,C*H'0  Amida  ciiinanivlatii 
l6a  ZH«,C'»H"0  Amida  cuniylate  . 
161.  ZH*,C?  H  O  Amida  furaan  late 

163.  ZB^,<yWO  Amida  indylate  . 
l6y  ZH\(T  W  <y  Amida  indylete  . 

164.  ZH",<?  H»  0»  Amida  lactylete  . 

165.  ZH*,Cf     0^  Amida  macylite  . 

166.  ZFP.Q'WO  AmJda  naphtykte. 

167.  Za^^Cf  H)^)  Amida  cenanthylate 

168.  ZH^.Cf  IPO  Amida  propionylaie 

169.  ZH*G*H*0  Amida  sebamylate 
17a  ZB',C*H*0  Amida  sabeiylate  . 
171.  ZH*,C^H*0  Amida  SQcdiiTlate. 
17J.  ZH*C^  IP  C  Amida  tartzylete  . 
173.  ZH*    H"  O  Amida  valerylate  . 

ll  is  mmeoeesaiy  to  quote  more  than  the  asaal  names  of  the 
nbrtances  contained  in  tlida  list.  They  all  bear  a  similar  i*  lation  to 
corresponding  salts  of  ammonia.  Thus,  No.  153]  -  ZH',C''iro  amida 
acetj'late,  is  coinTnonl y  called  aoefesmide,  and  has  the  formula  H'NjC^H'O*. 
Th-  nd  liti(jii  of  HHO  to  the  new  formula  No.  153,  converts  it  into 
ZU^CHK)*  =  anunona  acotylete,  which,  in  the  usual  language  of 
diemistry,  is  called  acetate  of  omnvinia,  see  page  t^B* 

Practically,  water  is  thus  combined  with  these  amids  when  they  are 
boiled  with  dilated  acids  and  alkalies. 

Many  of  these  salts  have  very  complicated  formulae  commonly  it:\  f  n 
toUiem;  but  it  does  not  appear  that  any  advantage  results  from  tliat 
practice.  Gmelin*.s  formula  for  mncamide  =  No.  1651  amida  macylite, 
given  above  as  ZH'.CH'O'  is— 

C^WH"0'«  =  C'*Ad*H''0'^0^ 

p  2 


An  ism  Hide. 

Ik'iizauiide. 

.  Butyramide. 

.  Camphoraiiiide. 

.  Cinnamide. 

.  Cuminamide. 

.  Fumaramide. 

.  Indigo  blue. 

.  Isatine. 

•  Lactamicte. 

•  Mucamide. 

.  Kaphtylamide. 

•  (Enantbamide. 
.  Propionamide; 

•  Sebemide* 

•  Sttberamide* 
.  Saccinamide. 

•  TaTtiaroide. 
.  Valeramtde. 
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Gerhardt's  fonniila  for  kctamide,  =  Ko.  164,  amida  lactyletes 
ZH*,C*H»0* 

These  double  quantities  of  atoms  are  given,  because  these  chemists  act 
upon  the  notion  that  certain  adds  are  biboE^  or  that  the  aalta  ought  to 
be  made  equivalent  to  g^oea  that  have  an  atomic  measure  of  fotir 
volumes,  or  because  some  other  theory  prescribes  the  duplication.  The 
theory  which  I  am  advocating  assumes  all  radicals  to  be  equivalent  to 
one  volume  of  hydrogen,  which,  as  a  general  rule,  makes  their  salts 
equal  to  two  volumes  of  vapour,  and  the  practice  which  I  pursue  is  that 
of  cutting  down  the  formula  of  all  salts  into  accordance  with  this  ooe 
simple  idea. 

There  are  several  methods  of  ])rnducing  these  amids ;  such  as,  the 
action  of  ammonia  on  the  anhydrides :  the  action  of  ammonia  or  car- 
bonate  of  ammonia  on  the  oxychloridos  of  organic  acid  radicals;  and  the 
action  of  ammonia  on  compound  ethers. 

Thi'V  nr*'  neutral  salts;  namely,  they  are  neutral  to  teSt-papers;  thej 
do  not  comhine  with  acids ;  they  are  crystailizable. 

ISr.  G»  rhardt  says  that  "  sometim(«  they  behave  hko  acids  in  regard 
to  certain  oxides ;  thus,  benzamide  forms  a  salt  with  mercury : 

Benzamide.  Mercniy  benzamide.*' 

Traii^  de  CMndt  Organiqua,  !v.  761, 

This  transformation  would  he  represented  in  my  notation  thus : 

ZR\Qm){  +  -  \ZHHgcCm*Of  + 

This  process  is  iiimjtlv  the  conversion  of  amid  into  mericac  by  the  re- 
plao'iuont  of  il*  bv  llg< '  'tom  of  the  SiUt. 

Volt  g»vt'>  tlio  ammonia  forumia  Lu  the  compound  that  is  commonly 
called  binitrobtaii^iiidc,  thus : 

fC'*HVNO*W 

N-^  H 
I  H 

Bat  this  salt  is  evidently  a  compound  of  the  same  order  as  No.  1 56  id 
the  above  Table : 

Ko.  156.]    ZH«,<7H»  O  =  Ben7-imi.le. 

ZlPjC^lPZ'O*  =  BinitroUoizamide. 
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Iq  this  example  C  extra  goes  into  the  salt  because  Z*  goes  into  the 

radical  instead  of  H*.    See  page  133. 

I  might  add  otlier  examples  of  this  kind,  btU  thpy  could  only  prove 
the  f  1' ts  th  tt  Irive  hwn  detailed  in  the  gtineral  notice  of  the  properties  of 
vice-radicai;i.    K>ee  page  13a. 


Amids  produced  by  the  abstraction  of  one  atom  of 
HHO,  Irom  tiie  Neutral  Salts  that  are  formed  by 
Ammonams  with  Organic  Acids. 

174.  ZIi,C*ir ;     IPO.    .    Butyr>'lac  acetylate. 

175.  ZH,CH* ;  C  H'  0  .    .    Ethylac  aoetylatc. 
175.  .ZH.CH*:  C'H^O  .    ,    Phenylac  acetylate. 

177.  ZH,C^H^;eH' 0«  .  .  Phenvlac  anisvletc. 

178.  ZH,C^H»;  C'H'O  .  .  Benzylac  benzylate. 

179.  ZHjHgc;  (7H*0   «  ,  Mericac  benzvlate. 

180.  ZH,^*;  (7H*0  .  .  Phenvlacl>eii/vlnt^. 

181.  ZH,Hgc;  C*H'0   .  .  Mericac  butv rvlate. 

182.  ZH,C^H^  C^H^O  .  .  Phenylac  bJtyVylate. 

183.  ZH,C*H*;  (?H^0  .  .  Phenylac  cinnamylate. 

184.  ZH,eH*;G'*H"0  •  .  Phenylac  comylale. 

185.  ZH,€^IP;  C  H  O  .  .  Ethylac  formylate* 

186.  ZH,G1P;C  HO..  Phenylac  formylate. 

187.  ZH,Zn ;    C«  IP  0»  •  •  Zincac  glycoUylete. 

188.  ZH.C»H>;  C^H«0  .  .  Phenylac  saberylato. 

189.  ZII,CriP;  C*H«0   .  ,  Phenylac  succinylate. 

190.  ZU,CH';eH'0  •  .  Phenylac  yalerylate. 

Tj-Ach  of  these  salts  of  an  amid  may  be  considered  to  be  convprtiblc  by 
combmatiun  with  IHIO  into  the  coiTesponding  neutral  salt  of  an 
ammonani.  Thus,  the  first  on  tlie  list,  No.  174J  ZH,C'H';  C*H*0  = 
butyrylac  acetylate,  if  combinal  with  HllO,  would  become  ZIP,C^H^; 
C*H^()*,  namely,  butyryhim  acetyletc,  or  the  acetate  of  an  ammonium 
containiug  one  atom  of  butyryl.  But  this  diangc  aumot  always  be 
effected  experimentally,  for  when  these  amids  are  boiled  with  mineral 
alkalies,  thiey  sofftf  deoompositioo,  the  add  radical  fonning  a  salt  widi 
the  alkaliy  and  ibe  amid  being  separated  as  a  hydride  or  an  ammonia. 
Bot  thoogh  the  corresponding  salts  of  ammonams  and  amides  cannot 
always  be  produced,  it  is  important  to  bear  in  mind  the  ezisfeeooe  of 
tiiese  relations. 
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Usual  Names  ajsd  Formula* 

N,  MiOer. 


174,  Butyric  acetylamide  CH^ 


H 

This  formula  is  in  accordance  with  Gerhardt's  ammonia  type,  and  is 
therefore  sobject  to  the  objections  which  I  have  wged  at  psge  aia 

175,  Acctoethylide. 

175,  Ethyl-ace tamide,  or  Azoture  [CTI* 

of  ethyle,  acetyle,  and  hy-    C*E'^0  =  KjC«H*0 
drogen.  (  H 

176,  Phenvl-acetnmido,  Acetanilide,  [CH^ 

or  Azoture  of  phenyle,  aoe-   CH^IiO  =  ^7C*H'0 
tyle,  and  hydrogen*  [  H 

The  hust  two  ruiiiiulie  and  sets  of  names  are  Gerhardt*8,  writti'n  ac- 
'  ording  to  his  typo  aimiionia.  All  the  salts  from  Nos.  175  to  184  are 
.subject  to  Uie  same  treatment,  but  I  tliink  it  ns»'l(*s.s  to  crowd  this  Kssav 
with  more  than  specimens  of  these  digitated  (oi  nml;^  and  their  duplicil* 
or  triplicate  names.  It  will  tsutlic-e  if  the  jcader  luideretands  the  ditTcr- 
ence  between  GerhariU's  system,  and  the  system  now  under  considera- 
tion. According  to  the  radical  theon-.  No.  176  a  direct  binan-  com- 
jx>and  Ix'tween  phenylac  =  ZlijC^il'  and  acetylate  =  CH'O,  \viiert^is, 
according  to  Gerhardt,  it  is  a  compound  of  K  acting  with  tripaitite  force 
upon  CH*,  and  C*ITO,  and  H.  It  is  the  azoture  of  phenyl,  of  acetyle, 
and  of  hydrogen.  From  these  views  I  dissent  entirely.  177,  Anisini- 
llde;  phenyl-cmisamide.  178,  Iraabenzile.  1 79,  Benzamidate  of  mer- 
cuiy,  Gerhardt ;  hydrargo-benzamide,  MSler,  1 80,  BeDzanihdc ;  aoilo* 
benzamide.  See  No.  223.  181,  Mercmy-sslt  of  bn^mmide*  182, 
Phenyl^butyiamide ;  batyianyide.  183,  Omiaiiilide ;  amlo-ciooaiiude ; 
phenyl-donamide.  i84»  Ctamanilide;  anUocmninamide,  185,  Eikfi- 
fonniamide.  186,  Pheoyl-foimiamide;  fonnaiulide;  anilofoniiamlds; 
a«>lure  of  phenyle,  of  formyle,  and  of  hydrogen.  187,  Cknobinatioa  of 
sugar  of  gelatine  and  sine  =  2N(C'fiP0*,Zn,H).  188,  Snbersnilide; 
aoilosttbenunide ;  diphenyl-suberamide,  or  dissotnre  of  diphenyle  and  of 
suberyle,  Oerltardt.  189,  SnocinanOide ;  anilosttcdnsm^,  Hqflnnn; 
dtphenyl-SQCdnamide,  or  diasotare  of  diphenyle,  and  of  onljle,  0*r- 
hirdlt.  190.  Phenyl-valeramide ;  valersntlide»  or  azotore  of  phenyle,  of 
▼aleiyle,  and  of  hydrogen. 
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is  on-oxidised  Salts  of  Amids. 

191.  ZH,C^H»;  CI   .    •  BemyJac  chlora. 

19a.  ZH.K  :  C*H»    .    .  Potassac  phenyla. 

193.  ZH,0'H';  Cy  .    .  Phenylac  cyana. 

194.  Z,r*H*,CH*;  CI   .  Ethvlic-phenvliir  rhiora. 

195.  Z,C*H\C^H*;  C»H^C1  Ethyhr  rhlonc-phenvla. 

196.  ZH,C«H«C1« ;  CI     .  ChWiii.  |,lienylac  c'hlora. 

197.  ZH.CTi'Br";  CI    .  Bromenic-phcnylac  rblora. 

198.  ZHyC^IPBr*;  Br  .  Bromenic-phenylac  broma. 

Usual  Names  and  Formula. 

191,  Chloride  of  ben zarnidyle  =  C1,C^'N,  Gerhardt.  When  heated, 
it  produces  hydrochloric  acid  and  cyanide  of  phenyle  ZH,C^H^ ;  CI  =  HCl 
+  C*H%CN.    19a,  see  Auiiiue,  ^0. 11].  193,  see  Aiiilme»  2^0.  62]. 

eij     ^  c'*(a) 

fH*    \  I 
r-l       I  AT  C*H*(  TT^JS^^^ 


196,  197*  198 ;  see  Aoiline,  Kos.  9]^  10],  and  8]« 


Examples  of  tlie  Combination  of  Ammons  and  liniids 

with  one  another. 

199.  ZH!*,(7H^  +  ZH,<7H'   •   .   .  Tohunylam  tolnenykc 

aoo.  ZH*((7H*)*  +  2^(7H* .   .    .  Benzylem  benzylac 

aoi.  ZH«(C*ir)«  + ZH,C»1F  .    .    .  Cinnamylem  cinnamylac 

aoa.  Z(CH^'(CfU*)*  -H  ZCH*,CV .  Methylenio^oetylem  cnm 

methylic-acetylac. 

20y  ZH*  +  ZH,C'"H7   Amida  naphtylac. 

a04*  ZH'  4-  ZH,CH'   AmidA  pbenylaa 

Usual  Names  and  Fokuul£. 

1991  Lnddine,  a  ooroponmd  isomeric  with  tolnidine,  No.  aa ;  that  is 
tosay-^ 

Iho.  22  two  atomi>  =  i^H  CH'*  H|  ^\ZH  CTIFj        *  atom. 
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Two  atoms  of  toluenylac  hydra  =  one  atom  of  tolaeDylam  toluenylac. 
This  accounts  for  the  isomerism  of  these  two  salts,  and  sapplies  a  hint 
as  to  the  probable  explanation  of  other  cases  of  isomerism,   aoo^  Hy- 

drobenzamide  «  C»H'W  «  N»|^^^)',  Oerhan^.  C-H-JtJ*.  MSkr. 
aoi,  Comhydramide  a  (71P*N«  «  N«|(^^^\  GtfiuirdL  (?«H*N». 

Mtlkr. 

2  02,  "  Acetouiue,  or  Acetonia,  a  new  base  =  C"H"N".  Hydrochlo- 
rate  of  aoetonia  forms  with  bichloride  of  platinmn,  an  orange-yellow, 
aystalline  doubk  flalt,  (C'*H^*HGUPt01').  The  binoxahte  (HO, 
C'H>*19*30 ;  00*  +  a  Aq)  is  sohible  in  alodiol,  and  ciyatallisea  laKUly 
from  this  solable.** — MUUTf  narrating  the  researdieB  of  Stsdder,  JESaments 
cf  ChmMry^  Part  iii,  ]>.  ^  la.  I  do  not  betieve  in  the  existence  of  this 
assnmed  new  base."  Acetone  itself  contains  acetyl  and  methyl,  see 
page  77.  Aoetonia  is  composed  of  an  ammon  and  an  amid,  induding 
the  same  radicals;  and  the  platinum-salt  and  the  binoxakte  can  be 
explained  (see  Nos.  205,  206),  without  resorting  to  the  expe<lient  of 
CTcating  a  hypothetical  "  new  }>as<>"  to  meet  the  special  circumstances, 
an  ex|Mxlient  to  which  organic  chemists  resort  with  a  too-ready  facility. 
When  roini)'jund  salts  am  be  clearly  explained  by  means  well- 
known  cs-isting  radiails,  what  is  the  use  of  making  imaginary  bases?  In 
the  present  case,  three  atoms  of  methyl,  tlutxi  atoms  of  acetyl,  and  two 
atoms  ui  azote,  aie  rolled  up  into  a  giant  base  and  called  acetoma.  This 
method  of  practisioff  chemical  synthesis  is  becoming  really  alarming. 

203,  Azouaphtyknune ;  or  seminaphtalidam  =  €^H**N*,  GemariL 
Semina^^talidiiie,  or  naphtidine  s  C**H*N,  Zmin.  »  CPH"(H^\ 
B>fmann.   aOiU  Semaniline  s  Zmm.    »  C"H«(H^*,  W- 

When  bydrated  adds  act  upon  the  double  amids,  such  as  are 
represented  by  305  and  ao4,  they  produce  doable  salts  which  contain  both 
an  amid  and  an  ammoa;  of  whidi,  Nos.  a07  and  ao8  are  examples  ^ 

fZ(C  H'yPtc;  CI  I       Platic-methylim  chlora  cam 
205.  <Z((?HYPtc;  CI>  =      platic-acetylim  chlora  cum 
[  H;Clj         hydra  chlora. 

ZH*'       '  G  f  ~  ^^P^'y^  chlora  cum  amida  chlora. 

jzH'^**^  •  SO*  }  ^  Naphtylam  snlphetecom  amida  sulphete. 
No.  ao7  is  commonly  called  the  bichlorhydrate  of  azoD^^lamine, 
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nd  Na  308  is  the  faisulphate  of  the  same  Iwae.  The  hydrogen  of  the 
adds  is,  in  each  case,  merely  saffidest  to  oonvfrt  one  of  the  amids  into 
anammon ;  so  that  one  amid  remains  still  in  the  componnd  salt.  It  ia 
pQsnble  that  the  last  two  salts  may  reqniie  the  £>Uowiiig  fonnuhB : — 

207,  ZH,  c»W;  a  +  ZR\  a 

ao8,  ZH,  (^W;  S0»  +  ZH* ;  SO* 

The  compounds  203  and  204  do  not  furm  salts  by  combining  with  a 
siiigic  equivalent  of  H  CI  or  H  SO*. 


Nitriles. 

209.  CN         Cyana  [=  Cyanogen], 

210.  H,CN  Rvdi-a  cyana  '=  Hydrocyanic  acidl 
an.  CiP,CN  Mothy la  cyana   [=  Cyanide  of  Methyl]. 

When  oxalate  of  amnnonia  =  ZH*,  CO*  is  deprived  of  two  atoms  of 
HHO,  it  is  reduced  to  the  condition  wliich  is  shown  in  the  following 

.    ZHHHH;  000  -  (HHO  +  HHO)  a  Z  +  C. 

Oiakte  of  mnmoiiia.  Water.  B^hm. 

All  that  is  Itit  of  the  salt  is  the  acid  radical  C,  and  the  zotic  atom 
which  was  the  prime  agent  of  the  pusilive  radical.  These  two  atoms 
comliine  togetlifer  and  produce  cyanogen,  which  is  usually  marked  CN  or 
Cj*.  This  compound  is  not  a  Siilt  com]x)sod  of  two  rat  1 1 ails,  but  a 
wn^ln  acid  radical,  energetic  in  its  chemical  j>owers,  yet  luivLng  the 
iiturating  ca[>acity  of  only  one  atom.  Tliis  fact  is  worthy  of  ])artiailHr 
notice,  because  az(^»te  and  carbon  have  each,  separately,  tlie  satiu*ating 
capacity  of  one  nidical,  though,  wiitii  combined,  they  have  together  only 
the  saturating  ca|xicity  of  one  mdical.  7'hus  azote,  wiiich,  in  ^»o&itivc 
radicals,  paralyses  the  saturating  capacities  of  the  two  or  four  radicals 
with  which  it  produces  amids  and  ammons,  has  it^  own  saturating 
capacity  paralysed  when  it  enters  into  a  negative  radical  which  contiiins 
carbon.  Even  when  two  or  three  atoms  of  azote  enter  into  a  negative 
ndical  in  the  presence  of  carbon,  they  all  lose  their  saturating  capacity, 
tint  of  the  caitai  nidical  alone  zemaining  active. 

See  the  aoooont  d  tlie  zotic  radicals  at  page  1 3a. 

When  fbmiiate  of  ammonia  >  ZH^  CHO*,  is  deprived  of  two  atoms 
of  HHO,  the  fesnlt  is  aa  fbUowa > 

ZHHHH ;  CHOC  -  (HHO  +  HHO)  «  Z  +  CH. 
Fonuiat«  of  ammoula.  Water.  Residues* 

These  feaidnes  are  nitrogen  and  fonnyL 
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When  acetate  of  ammonia  »  ZU%C*U*0*»  is  deprived  of  two  atoms  of 
HHO»  the  result  is  this : 

ZHHHH ;  C«H»00  -  (HHO  +  HHO)  =  Z  +  CW. 

Acetate  of  ammonia.  Water.  Besidu^ 

Thest^  residues  are  nitrogen  and  acetyl. 

In  both  these  cases  the  nitrogen  combines  with  tlic  other  residue,  and 
in  ail  similar  crises,  when  the  neutral  animonia-salt  of  au  organic  acid  i5 
deprived  of  the  hydrogen  of  its  ammonium,  and  of  all  its  oxygen,  the 
residual  nitrogen  mn^hines  with  the  residual  acid  radical,  and  prodoces 
the  wmponnds  wluch  are  called  NiTPJLf??. 

In  au  eariy  part  of  this  Essay,  in  treatmg  of  the  reduction  of  add 
radicals  to  basic  radicals,  I  liave  sIkju  u  that  if  you  can,  by  any  process, 
deprive  an  acid  radicid  belonging  to  the  vinyl  series,  of  one  atom  of 
cai-l)on,  you  reduce  it  at  once  to  r  basic  radical.  SfH>  page  75.  Now  it 
api)<:'ars  tome  that,  in  the  ])rep<irat!on  of  the  nitriles,  tins  reduction  of  an 
acid  radical  to  a  baijic  radical  takes  place  in  every  in^t^mce.  It  is  dpru/i'i 
iiuprobable  that  the  acid  mdical  Z  should  comluiK'  witii  the  acid  radicals 
CHandC*H*,  lK>tli  of  which  nro  energetic  ;n  id  radicals,  if  tlie  tu  ui  |MAver 
of  the  whole  of  them  is  su]>[><  i>i'd  to  ik'  jKisi^t-  nt;  but  if  Z  is  supjxwed 
to  aixstract  C  from  each  oi  the  hydrocarbons,  Uie  two  pair  of  residues 
then  become 

H  +  CN  and         CH"  +  CN. 

B  Hydrocyanic  acid  =  q^anide  of  methyl. 

That  is  to  say,  the  two  acid  raLlicals  Z  +  CH,  become  one  basic  radical 
(hydrojS^n)  and  one  acid  radical  (cyimogen),  and  these  combine  together 
to  produce  a  Sidt,  the  hydrocyanic  acid.  So,  in  the  st'cond  example,  the 
two  acid  radicals  Z  -f*  C*H^  produce  the  strongly  }.)ositive  radiad  methyl 
CH*  and  the  strongly  negative  radical  cyanogen  CN,  and  these  combine 
to  fonn  the  salt  called  cyanide  of  methyl  =  CH*,CN.  The  evidenos 
which  I  have  given  to  prove  the  possibiUty  of  this  redaction  of  add 
radicals  to  Usic  radicals  by  the  removal  of  an  atom  of  carbon,  is  so  con- 
vincing, that  no  man  can  doubt  the  Act;  and  when  we  couple  with  this 
certainty,  ^  fint  thai  the  products  of  the  three  pfoceeaes  which  I  have 
sapposed  to  yield  the  snbrtsnces  called  csalo^trile^  lbrmo-nttrile»  and 
aoeto-nitrile,  actually  yidd  cyanogen,  hydrocyanic  acid,  and  cyanide  of 
methyl,  we  have  reasons  that  are  almost  demonstrations  to  mdnoe  os  to 
believe  that  in  all  theie  instsnoes  the  nitrogen  snd  the  carbon  combine  to 
ton  cyanogen,  and  that  this  Cjranogen  {»rodj^^ 
radical  whfeh  is  firmed  by  the  rmdm  of  the  decomposed  add  radicaL 

I  have  referred  expressly  to  those  ammoniannlts  that  are  prodoced 
by  the  oigpnic  adds  ^t  belong  to  the  vinyl  series,  page  79 ;  bot  the 
formation  of  the  so-called  nitriles  Is  not  confined  to  radicsls  of  that 
particolar  series ;  for  the  benzoate  of  ammonia  }  ields  cyanide  of  phenyl. 
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ind  cnmiDate  of  ammoiitii  yidds  cyanide  of  camenyl,  the  bensoic  radical 
being  reduced  to  phenyl,  that  la  to  saj  «  G^H*  to  C'H^  and  the  comyl 
radical  to  cmnenyt  as  C'^H"  to  CH^^  by  the  abstxactiODY  in  each  case,  of 
C*  to  form  cyanogen  with  the  azotic  residue  of  the  destroyed  ammonium. 

Aooofding  to  this  theory,  azote,  in  the  pieaeoce  of  sufficient  radicals, 
exercises  its  prerogative  of  producing  amidogens  and  ammoniums,  which 
then  form  salts  with  oxidised  carlion,  with  n^ative  hydrooirbons,  or  with 
anv  other  acid  radicals,  oxidised  or  not  oxidised,  which  are  placed  within 
its  ix-acb.  But  neither  ntiudogens  nor  ammoniums  are  produced  in  the 
absence  of  negative  radicals  with  which  they  can  form  salts. 

When  the  radicals  necessary  to  the  existence  of  ammonium-^lts  are 
half  Witlidrawn  from  them,  Uie  sal u  aie  reduced  to  amides  or  amidugen- 
salts.  When  they  are  a/2  withdrawn,  the  saltn  are  destroyed  and  the 
aaote  is  set  free.  When  this  liappens  in  the  presence  of  carbon,  the 
fipee  azote  oombinea  with  the  csrboD  to  fiwin  cyanogen.  Wheo  it 
happens  in  the  presence  of  a  negattre  hydrocaiboii,  it  splits  that  negative 
hydrocarbon  into  C  and  a  positive  hydrocarbon,  and  produces  therewith 
a  neutral  cyanide. 

This  theory  is  quite  consistent  with  well-ascertained  ftcts  respecting 
tlie  ibnnationof  cyanogen*  and  the  importance  of  the  subject  warrants  my 
citing  a  few  particulars,  i].  When  a  mixture  of  carbonate  of  potash  " 
and  pure  sugar-clvarcoal  is  heated  red  hot  in  a  porcelain  tube,  and 
oommon  atmospheric  air  is  passed  tlirough  the  tube,  cyanide  of  potassium  • 
is  product'il.  2].  Many  vapours  that  contain  carW>n,  if  mixed  with 
vapours  tliat  contain  azotes  and  pasi»ed  thronrrh  a  red-hot  tube,  produce 
cyanogen.  3].  When  ammonia  gjis  is  pi»  1  over  charcoal  stroncfly 
ignitnj  in  a  porcciam  tube,  cyanide  of  iuumouium  and  marsh  gas  are 
produced,  thus ; — 

4(ZirH)  1      J  2(ZH*,CN) 
36         f      1  CH»,H. 

4].  AmmoniH  n-as  and  carbonic  oxide,  passed  tlirough  a  red-hot  tubei 
produce  cyanide  of  ammonium  and  water  \  thus : — 

ZH^,ZGra4-C0  =  ZH\CN  +  HHO. 

5].  When  refuse  animal  matter,  such  as  horns,  hifios,  hoofs,  &c., 
are  h^ted  red-hot  in  a  close  vessel  with  carbonut*.-  oi  j>uUish  and  iron 
filings,  the  triple  cyanide  of  iron  and  f)otassium  =  K'FeCy*,  is  produced. 
The  plieiiDuiena  that  occur  in  this  last  example  are  conipliaite<l ;  but 
the  tinal  product  alone  is  what  we  liave  to  consider.  It  is  evident  that 
the  ammoniacal  compoimds  which  fiMse  animal  snhstances  contain  in 
hvge  quantities  wim  an  excess  of  carbon  are  converted  during  the 
opeiation  into  cyanogen,  the  hydrogen  and  oxygen  of  the  compoandB 
being  wholly  disen^iged,  becanse  the  cyanogen  comlnnes  with  the 
potoniiim  and  inm»  without  the  intervention  of  oiygen. 
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NITRILES, 


RBOQZnXRSION  OP  THB  NUBOQEN  OF  CTANOOEar  INTO  THB  AXMOinACAIi 

OONDmON. 

It  is  nut,  only  possible  to  remove  nitrogen  firora  amidpgen  or  ammo- 
nium into  cyanogen;  but  to  perfcurm  the  fevene  operatioD  of  forcing 
the  nitrog^  of  a  cyaoide  to  transmigmte  into  the  ammoniaoal  conditaon. 
Of  oonne^  these  transmigrations  result  from  the  &ct,  that  nitrogen  can 
act  either  negativel7  or  positively,  according  to  the  pressure  of  the  posi- 
tive or  negative  forces  that  are  made  to  control  it,  and  that  it  changes 
its  condition  with  everj  snfficient  change  in  those  controlling  forces. 

E.vnmplcs : 

jH,cN-i-H,ci  )  _  j™*,a 

^- \H,HO  +  H,HOf  -  \  H,CHO* 

One  atom  of  hydrocyanic  acid,  one  atom  of  hydrochloric  acid,  and 
two  atoms  of  water  produce,  one  atom  of  chloride  of  ammonium,  and 
one  atom  of  hydrated  formic  acid. 

,  J  K,CN  +  H,C1  4-  H,C1 1  ^  j^^*^ 
''IH,H0  4-H,H0         [  =  \ 

One  atom  of  cyanide  of  potassimn,  two  atoms  of  hydrochloric  add, 
and  two  atoms  of  water  produce,  one  atom  each  of  cUoride  of  ammo> 
nlmn,  chloride  of  potassimn,  and  hydrated  formic  acid. 


J  K,CN  1  _  J  K,CHO* 

t  H,HO  -f  H,HO  f  "  t  ZmH. 


One  atom  of  cyanide  of  ]X)tassium  boiled  in  a  close  vessel  with  two 
atoms  of  water  produces  one  atom  of  aomionia  and  one  atom  of  for- 
miate  of  potash. 

^  I  K,CNO  4-  H,HO  1  . 

4-  \  H.SO*  +  H,SO«  \  ~  I  ^^'^^ 

One  atfjm  of  cvaiiate  of  potash,  one  atom  of  wator,  and  two  atoms 
of  hydrated  sulphunc  acid,  produce  one  uiuiu  t-ach  of  sulphate  of 
ammonia,  sulpliate  of  potash,  and  free  corbomc  acid. 

5-  {h,H0^+ H,HO  }  2H*,ZHSC0«. 

One  atom  of  urea  (<granate  of  ammonia)  heated  in  a  sealed  tube 
witli  two  atoma  of  water,  piodaoes  one  atom  of  carbonate  of  am- 
monia. 

If  we  examine  the  natore  and  consequences  of  these  various  reactiona, 
and  then  aslK  ounelvea  the  question,  whether  the  nitrilea  consist  of 


Digitized  by  Google 


221 


nitrogen  combined  direct!?'  with  nnchanged  negative  radicals,  Z  +  CH, 
Z  +  eH»,  Z  -f  CH%  Z  +  CH^  Z  +  C*H*,  Z  +  &c.,  or  whe- 
ther they  are  cyanides  of  the  corresponding  posttive  rodicBls? — ^we  cui 
scarcely  oome  to  any  other  ooocliiaion  than  tlwfc  which  has  been  drawn 
above,  namelj,  that  the  Nitrilbb  are  m  off  cases  to  be  oonsiderod  aa 
CrASlDta^  awl  thatiititriZe^  proper,  or  compounds  of  nitrogen  willi  ncga- 
tive  ladicalsy  do  not  exist 

[CoDsolt  the  investigation  into  the  constitution  of  the  eompocmd  com- 
monlj  called aniiocyanic  add,  Artide  Aniline,  No.  95.] 


carbamide  or  nrea]* 
]carbanilide]. 


f 


Carbamide. 

212,  ZH*  ;  CvO,  Ammona  cjanate< 
313,  YAi^C'Hy;  CvCPhenylemqranate' 
ai4.  ZUSCH^  ;  CyO,  Phenylam  (^anate 

The  following  formulae  represent  the  neutral  carboilate  of  ammonia : 

AnalTtk«l  formnlru  Synoptical  formula. 

ZHH>  +        -h  CO  ZH\ZHSOO». 

If  we  imagine  two  atoms  of  HHO  to  be  abstracted  ficm  this  com-  ^ 
pound,  the  residue  will  be  as  follows : —  * 

ZH> -1- ZH*  +  CO. 
This  ftnnnia  represents  CAHitAMTPg. 

If  we  ask  ourselves  the  question,  whether  this  formula  probably 
represents  the  constitution  of  this  residue,  we  must,  V)cfore  we  make 
3  r.  ply,  take  into  consideration  the  following  particulars,  which  I  have 
io  the  precfxling  pages  almost  demonstrated  to  bo  mattf  r<  '  f  fV  f. 

1.  One  atom  of  Z  cjui,  with  facility,  hold  either       or  H*  in  the 
lonn  of  a  positive  radic;i] :  but  II*  more  cfTcctiially  than  li". 

2.  When  Z  is  freed  from  U,  in  the  presence  of  C,  it  combines  with 
C,  and  produces  cyanogen.  >i  »  > 

3.  If  any  positive  radical  is  present,  the  resulting  cyanogen  com- 
bines with  it  to  form  a  salt. 

What  is  to  prevent  the  occiin-ence  of  these  reactions  among  the 
vlenionts  thiit  constitute  carUunideV  lean  see  no  counteracting  force 
whatever,  <ind  I  believe  that,  in  tlie  circumstances  tliat  an-  presented  by 
tlie  process  al>ove  dej^cril^d,  azote  would  infallibly  fulfil  its  usual  func- 
tions, and  that  the  so-called  carbamide,  with  the  foniiuia  ZH*,Zli*,CO, 
would  become  Zll*,CxsO,  or  ammona  ryanate,  a  compound  which,  in 
the  usual  language  of  cliemi.->t.>,  is  calKd  cyanate  of  aniuionia,  or  briefly 
Urea,  T  can  find  no  suUi(>  nt  reason  to  retain  eitlier  the  name  carba- 
laide  or  the  formula  u^>ou  w  iiich  that  name  is  based.    The  opinions  of 
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chemists  «re  at  present  divided  apcm  tbis  sabject ;  bat  I  trust  tbst  tiie 
ftcts  and  oontlngenctes  which  I  have  pointed  out  in  this  Essay  respecting 

the  properties  of  ammODiums»  amidqgens,  and  cyanogen  compoondSy 
and  the  dcmonstratioii  of  the  circumstances  which  relate  the  amasing 

power  of  transmigration  possessed  by  the  clement  azote,  will  bring 
them  to  agree  in  the  propriety  of  my  conclusions. 

The  argimir-iits  v.  hirli  l>ear  upon  the  constitution  of  carl^aniide  are 
precisely  siiiiiha  to  tln  »sc  which  must  be  used  if  I  were  to  enter  into  a 
description  resjK'ctuig  the  constitution  of  the  compounds  \vhich  Dr. 
Hofmann  hoii  called  carbanilide  and  carbarn ide-carbanilide.  The  furmcr  oi 
tlie^je  compounds  is  represented  by  No.  213,  and  the  latter  by  No.  214. 
I  refer  the  reader  for  a  complete  investigation  of  these  two  compounds 
to  Aniline,  No.  90]. 

The  nsoal  £bmmh  given  to  carbamide  Is  H'KyOO,  Eofinann;  hat 
as  the  radical  theory  doubles  the  weight  of  the  atoms  of  G  and  O,  this 
fcnnula  requires  to  be  changed  to  WNfi^fiOy  to  express  the  same 
percentage  relations. 

The  constitution  of  **  Urea"  will  be  more  fully  discussed  in  a  snb- 
seqnent  section* 

Imidogen  Compounds.    Imides.  Aniles. 

According  to  Dr.  Hofinann,  the  Imides  are  produced  by  the  abstrac- 
tion of  four  equivalents  of  water  [that  is,  two  equivalents  on  the  radical 

theor}']  from  an  acid  salt  of  ammonia.  He  tells  us,  that  the  imide 
resulting  from  the  binoxalate  of  anmionia  hius  not  as  yet  l)een  fomieii ; 
but  that  we  have  representatives  of  the  iniidoLren  compounds  among 
the  derivatives  of  camphoric  and  phtalic  acids.    S^Y'  pao^e  208. 

Let  us  first  see,  why  the  binoxalate  of  ammoma  produce;a  no  imide : 

.  u   Binoxalate  of  Ammonia.  Water.  Residue. 

r^  ^' "'  ^hI  S  I  -  (HH0.HH0)  =  {  J  +  go-. 

This  residue  produces  hydrocyanic  add  s  H,CK,  and  carbonic  add 
8»  CO*,  which  do  not  enter  into  combination ;  and  this  is  the  resson 
why  ozimide  '*  has  not  as  ^  been  formed,"  and  why  it  never  will  be 
formed. 

Decomposition  of  Bicamphorate  of  Ammonia. 

Bicxrnphorato  of  Amincnia.       Wati.T.  Residue. 
Zn*;  C'WO"  \      J  HHO  1       fZ  + 
H  ;  C>H'0«  I  "  1  HHO  |  "  (H  +  CWO«. 

What  becomes  of  this  residue  ?  According  to  Dr.  Hofmann,  it  produces 
camphorimlde,  the  formula  of  which  is  HNyaC^^^H^C   Correcting  the 
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atomic  weights  of  C  and  O,  this  formuLi  V)ecoraes  HN,2C*H^0.  The 
first  part  of  this  formula  is  Hofmann's    Imidc  "  =  HN. 

1  dissent  from  this  theory  entirely,  and  I  consider  that  no  such  thing 
as  au  iniide  exists.  Let  US  compare  the  residues  of  the  two  procesi$es 
just  referred  to : 

First  residue,  <j£  ^  qq,         becoud  residue,     ^  C*HfO* 

If  the  three  radicals  Z  -(-  C  4-  H  can  combine  togi^ther,  what  is  to 
prevent  the  combination  of  the  tliree  radicals  Z  -|-  C^H'  -f-  H>  which  arc- 
placed  in  contact  under  precisely  similar  circumstances?  'i  hi'  ftason 
for  the  combination  in  the  first  case  is  the  tendency  of  caiboii  and 
nitrog^^n  to  form  cyanogen.  The  reaaon  for  the  combination  in  the 
sa'ond  rase  is  the  power  of  nitrocren  in  the  presence  of  two  free  radicals 
and  an  oxidiscKl  neg-ative  radical  to  pnxluce  a  salt  of  an  aiuidogen.  The 
result  of  the  combinati  jh  in  the  first  case  is  an  acid  radical  which 
takes  up  the  basic  hydrogen  left  fi'ee  by  the  disengagement  of  c<ir- 
honic  acid.  The  resvdt  of  the  combination  in  the  second  arse  is  a 
IxLsic  radiuil  hich  combines  with  the  ciimphoric  acid  left  free  by  the 
abstraction  of  tln'  hvdrogeu,  and  the  final  product  is  a  neutral  salt 
with  a  vice-amidf    II  1  ise,  thus: 

ZH,C^H' ;  C'H' (>•  «  Camphoo'lac  camphorjdete. 


I' 


D§ccmpf}mtion  of  BiphtalaU  cf  Ammonia* 

PrPi^isely  the  same  thing  takes  place  when  biphtalate  of  ammonia  is 
dfioomDOfied. 

ZH*;  C*H«0*  (       j  HHO  1        I  Z;  C*H* 
H ;  C*HW  \  "  \  HHO  (  ~  t  H;  CHW. 

=  ZH,CH*;  C'H'O'  =  Phtalylac  phtalylete. 

Dr.  Hofinann*8  name  and  fermola  for  this  compotrnd  are 

HN,2CH«0«  =  PhtaUnude. 

It  is  needless  to  give  more  examples  of  the  imides,  for  they  would 
be  repetitions  of  camphorimide,  with  the  mere  change  of  the  acid 
radical.  It  will  suffice  to  quote  a  few  varieties  of  these  salts  in  a  Table* 
la  all  cases  they  are  neutral  salts,  containing  the  full  quantity  of  oxygen 
required  by  the  add  radical,  but  having  a  vice-amidogen  as  Vasic  radical. 
It  may  perhiqis  be  urged  that  even  my  fermulse  contain  ZH,  and  that 
the  salts  may  therefore  contain  imidogen ;  but  since  ZH  must  occur  in 
eveiy  amidogen  and  ammonhmi,  m  which  all  the  hydrogen  has  not  been 
replaced,  tliis  argument  proves  nothing.  There  is  no  such  thing  as 
isolated  imidogen,  and  a  theoretical  one  is  net  required. 
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lUIDOOEN  COMPOUNDS.    IXIDES.  AKXLES. 


EZAMVLBB  OP  IlClDBS  AND  AnILES. 

a),  Atnidaci*  {Inudu,) 

215.  ZH,(7IP;  (yjBK^  .  .  Benzjrlac  benzylefce. 

316.  ZH,Ba;    <7IF0^  .  .  Baiytac  Iwnzylete. 

217.  ZU,Na;    <7HW  .  •  Natiac  benzylete. 

ai8.  ZH,C*ir;  C*irO«  .  •  C^phoryiac  camphoiylefce. 

219.  ZH,C^;  C'HO*  .  .  Fumarj'lac  fumarylete, 

220.  ZH,C^H*;  C*H*0«  .  .  Phtalvlac  phuavlete. 
22X.  ZH.CH*;  CHH)*  .  •  Saccbiylac  sncdnylete. 

6).  Annicbcs,  (iimto^etc.) 

222.  Z,CH\C*IP;  C*H^»  .  .  Ethylic-acetylac  acctylcte. 

223.  Z,C^H*,C»H*;  (7H*0*  .  .  Benzylic-phenylac  benzylet<f. 

224.  Z,CW,C*H*;  C^HTO*  .  ,  CSamphoiy  lic-phenylac  camphorylete. 

225.  Z,C*H",<?H*;  OHW .  •  Phtalylic-phenylac  phtaljlete. 
226;  Z,COT,<?H»j  OTV .  •  Saccinylic-phenylac  sacctnylete. 

Stnontmbb  ahd  vbual  Fobmvu. 

215.  Benzimide  =  HN,2C'*H*0V  Hofmmn,  216,  Amidobcnzoate 
uflxirv-tes  =  BaOC'WNHK)*  =  C»WBa(KIi*)0«,  Voit.  217,  Amido- 
benzt^tt'  of  soda  =  C»*H*Na(NH*)0,  Voit.  1  li*  .-e  two  salts  are  liable 
to  another  interpretation.  See  Tribosic  cyanatcs.  Sec  also  No.  474  in 
this  seri(i>.  Voit's  Memoir  may  be  seen  m  the  QuaHerly  Journal  Cl^mi, 
Sod.  ix.,  266.  218.  Gampliorimide  =  HN,  2G**IF0",  Htjfnuxm. 
219.  Fomarimide  «=  CVKO",  Qtrkardt,  220.  Phtalimide  =  HN, 
aCfETO*,  Bi^^mnn^   221.  Saocmimide,  or  bisiiGciiutmide 


222.  Ethyl-diaGetamide,  or  aasotnre  of  ethyle  and  of  diaoel^Ie 

[  CMP 

=  CH"NO"  =  N  \  eH^O  Gerhardl. 

[  CH'O 

223.  Pbenyl-dibenzamidet  dibenzanilide,  or  azotare  of  phenyle  and  of 
dibenzoile 

C*H"KO*  =  N  \  riT'O  Chrhanti. 

l(7H*0 

'       •  -  »    •  .        ^  ... 

> 
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A2UD0a£H  ACIDS.  225 

Compare  Dibenxanilide,  No.  22^,  and  BenjEanilide*  No.  i8o»  with  the 
amtnoiiiiim-flalts  to  which  they  respectirely  correspond :— 

No.  223.  ZC7H*,CrH*;  OWO*  1      j  Zir,C«H*;  (^H'0« 

H";     ITO»f  "  \  H;  C'H^* 

No.  180.  ZH.(m»;  CT^O  J  ^ 

224.  C^phoranile;  amlocamphorimide=C?«H»'NO*=  C''H*K,2C'W0', 
Hofmam,  Pheoyl-camphorimide,  or  asoture  of  phenyle  and  of  cam- 
phoryie 

22 Phenyl-phtalifnide,  phtalanlle,  or  azotare  of  phenyle  and  phtalyle 

Gerhardt. 

FhUilanilc,  or  auilophtalimide  =  C'«H*N,2C'H*(:)*,  Hofmarm.  226.  Sue- 
cinaiiile,  or  nniL .succinimide  =  C^H'XO*  =  C'*H»N,2C*H«0\  Hofmarm, 
Phenyl-succinmiide,  or  azoture  of  pbeuyie  and  of  succinyle 

=  N  I  Q^»^  Gerhctnit* 

The  compounds  No.  22\  to  226  belong  to  the  daaa  which  Dr.  Ho^ 

mann  calls  ^anilea."  They  aie  derived  from  the  add  aalts  of  phe> 
nylam : 

H;  0H»0«  f  ~  t  H«0  f  '         Na  223. 

The  salt  Ko.  222  shows  that  this  series  is  not  confined  to  anilin*',  l»ut 
lias  a  g<  nenil  cliaracter.  The  Aiiihdo;^'eM  (C^IPN),  which  is  commonly 
a^j^jumod  to  be  present  in  the  *'  aniles,"  i.s  a  phantoni. 

Amidogcn  Acids.    Amidated  Acids.    Amided  Acids. 

The  aniidatod  acids  are  produced  when  one  atom  of  HUO  is  abstracted 
ixom  an  acid  salt  of  ammonia.    Example : 

Binciiahf 0  f.f  Ammonw.    Water.         nr<^i  lup. 

*       ZH*;  C0*1  (ZH*;  CO 

H;  GOV      ^^^^^"1   H;  CO' 

This  lesidne  is  a  double  salt,  consisting  of  an  atom  of  normal  hydrated 
oxalic  add  and  an  atom  of  a  salt  containing  amidogen  as  a  base.  This 
doable  salt  is  called  oxamic  acid.  See  page  The  single  atom  of 
hydrog^  is  replaceable  by  a  positive  ndi^,  anu  all  the  other  elements 
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226         ^  OXAUATEB. 

of  the  salt  pass  into  the  new  salt.  We  may  apply  a  systematic  name 
to  oxamic  acid  either  ticcording  to  its  analjticftl  or  ita  synoptical  fomifik, 
thus:— 

ZIP.CO+UOO*  =  amidacarbatdcomhydiacarbete. 
H,ZH*;  hydro  amida  carbenite. 

The  latter  is  the  brit  fest  nanie,  and  it  is  sufficiently  explicit  The  follow- 
ing are  some  of  the  salts  of  this  "  acid  "  :— 

A.  Oaam A 11^. 

227.  H;ZH*  :CW    .  «  .  Hydra  amida  carbenite. 

228.  Am;  ZIP;  C'O^  .  •  .  Ammona  amida  carbenite. 

229.  Bu;ZH*;CO*    •  ,  .  Ban,'ta  amida  carbon i to. 

230.  Ag;ZH'';C*0'  .  .  .  Argenta  amida  carbeintc 

231.  CH*;  ZH*;  C*0*  .  .  .  Methyla  amida  carbenite. 

232.  C*H*;  ZH*  ;  (?0*  .  .  Etlu  U  aiiiuia  au  benite. 

233.  C*C1* ;  ZH*  ;  C*(/  ,  .  Ciilui-miicK^  thy  la  amida  carbenite. 
2  34.  C*H" ;  ZH« ;  C"0»  .  .  Amyia  amida  carbenite, 

235.  GH*Ca;ZIP;(Kf  .   .   Galdo-methyla amida  carbedte. 
Analytical  Formula;  ZH*,  CO  +  H',  C0». 

Usual  NAMfis.— 227.  Oxamic  acid  =  C^NH-D*".  228.  Oxamatp  of 
ammonia.  229.  Oxaniatc  of  barytcs.  2 30.  Oxaraate  of  silver.  231. 
Oxamethylani' ;  oxalfornuinicstcr  =  e'NH*0'  =  C»H'Ad,C*0',  Gmelin, 
232.  Oxarnetliane;  oxalvinamester ;  oxalovinato  of  ammonia  =  C^NH^O* 
=  C*AdH%C*0*,  (nurlin.  233-  Chloroxametiiane  ;  chloroxethaiiiide  = 
C'NITO'O'  =  OAu(-i\C^0\  (rm^lui.  234.  Oxannlanc  =  C'*H"NO«, 
Gerhardt.    235.  Methyloxamate  of  lime  =       (II,  a)  O*,  GWm. 

At  No.  231,  there  is  a  remarkable  divergence  in  the  ordinary  uomen- 
clature  of  these  salts.  Organic  chemiats  first  introdaoe  us  to Oxamic 
acid/'  and  then,  the  basic  hydrogen  of  the  "  acid  "  being  replaced  by 
Am,  Ba,  Ag,  &c.,  we  obtain  salts  which  we  are  desired  to  term 
oxamates.  That  coarse  ia  quite  proper  if  we  admit  the  existence  of 
oxamic  acid.  But  no  sooner  does  a  positiye  hydrocarbon  appear  in  the 
place  of  the  basic  radical,  when,  presto !  the  oxamate  vanishes  and  we 
find  that  we  are  dealing  with  an  amethanel  ^  The  amethanes  foroied 
by  wood-spirit  are  callr-d  methylanes  or  formamethanes ;  these  formed 
bv  common  alcohol,  ethylancs,  vinamethanes,  or  simplv  amethanes  ;  and 
those  formed  by  fusel-oil,  amylanes,  or  mylamethanes.**  GrneUn.  And 
what  is  the  use  of  all  these  trivial,  non-systematic  names?  Why  did 
not  oxamate  of  methyl,  of  ethyl,  and  of  amyb  answer  the  |mqx)se? 
What  good  end  is  ol>tainL'd  by  dividing  the  salts  of  oxamic  aciti — sup- 
posing we  submit  to  liave  oxaauc  add — into  two  battalions,  and  calling 
one  of  them  oxamates  and  the  other  amethanes  ?  The  first  false  step  in 
this  course  is  that  of  applying  the  name  **  acid  "  to  the  double  sdt  Ko. 
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227  s  ZH^CO+UCX)'.  That  is  an  illogical  coDimencement,  and  leads 
to  the  vagiie  and  ooninsed  notions  according  to  which  the  other  names 
are  perpetrated. 

B.  OXANILATES. 

236.  H ;  ZH,CV ;  CW.    .  .    Hydra  phenylac  carbenite. 

237.  Ba ;  ZH,OT[» ;  CW  .  .    Baryta  phenylac  carbenite. 

238.  Ag;  ZH,  CH*;  (Kf  .  ,  ■  Argents  phenylac  carbenite. 

239.  Am;  ZH,CHP;  (Kf  .  •   Ammona  phenylac  carbenite. 


Am;  ZH,(«H»; 
ZH,<?H»; 


Ammooa  phenylac  carbenite 

cum  hydra  phenylac  carbenite. 
Phenylam  phenylac  carbenite  cmn 


\        H ;  ZH,CfH» ;  Wj     hydra  phenylac  carbenite. 
Analytical  fbrmolaofNa  236:  ZH^CH*;  CO  +  H',CO* 

STNomncBS: — 236.  Ozanilic  add;  anOo-ozamic  acid  =  H,r'0*; 

C«BPN,C*0"  =  C"IFNO«  =  HO.CW ;  C'«H«N,C*0*  =  HO.C  |ct«H^N 

CO*.  Hofmam,  See  Aniline,  No.  50].  237.  See  Aniline,  51].  238 
and  239  are  analogous  salte  to  No.  237.    240.  Acid-ozanilate  of 

snuDoma  «  NH^,C«  |  ^.j^.  CK)»  +  HO.C«  |  CW.  /To/: 

flW/in.    241.  See  Aniline,  52]. 

The  oxaDilates  ditier  from  theoxamates  byconUiining  phenylac  instead 
f'l  amid.  I  see  nothintr  to  prevent  the  occnrrence  of  similar  salts  with 
m\y  other  amidac,  each  salt  being  formed  in  agreement  with  the  following 
g^ieial  formula : 

H*;  ZH^IC;  <?0^  s  hydra  amidac  carbenite ; 

Hi  which  funimia      signifies  a  replaceable  radical  —  C"H". 

C.  AvnxKSEK-AciDS  WITH  ooMPOum)  Radicals. 

242.  H;  ZH*;  ,    Hvdra  amida  camphoiylenite. 

243.  H;  ZH*;  (r^H^/O*.    .    Hydra  ainida  phtalylenite. 

244.  H;  ZH*;  (Cni'*)*0*.    .    Hydra  amidasebamylenite. 

245.  H;  ZH* ;  (C"H*)*0*.    •    Hydra  amida  .snccinylenite. 

246.  A^;  ZH*;  (C*H*)*0*  .    Arii:ciim  ainida  suLcinylenite. 
Analytical  formula  of  No,  24a ;  ZH%C*H''0  +  H'.CH^O*. 

These  salte  differ  from  the  oxamates  227  to  235,  only  by  containing 
compound  acid  radicals  instead  of  the  simple  carbon  radical  of  the  oxalic 
add.  Their  derivation  and  stnictore  are  perfectly  analogous  to  those  of 
the  oxamates^ 

Usual  Names. — 242.  Hydrated  carophoramic  acid  s  HO,H'N, 
JfiWer,   243.  Phtalaroic  acid  =  HO,H%C'«H*0».  Makr, 
344.  Sebamic  acid  =  G^H^'NO',  Gerhard.    245.  Snocinamic  acid. 
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228  .  ETDKAlinns. 

or  hydmte  of  sacdnrlMmnoiiium  -  O  {"^e'H'OOU', 

246.  Saodnamate  of  silver  =  O  |^^(^^t^{p  GerhardL 

D.  ANnJDOOKir-AGIDS  WITH  COMPOUND  RADICALS. 

247.  H;  ZH,(?H*;  (C*IF)»0»  .  Hydra  phenylac  camphorylenite. 

248.  H ;  ZH,CH» ;  (C*H*)Kf  .  Hydra  phenylac  phtalylenite. 

249.  H;  ZH.C*H»5  (C*ir)W  •  Hydm  phenylac  «aberylenite. 

250.  H;  ZH,C"H*;  (0'H*)*0*  .  Hydra  phenylac  racdnylenlte. 

Analytical  formula :  ZH,C*H» ;  CWO  +  H' ;  (?W(^, 

Tho>G  compounds  are  Dr.  Hofmann's  anilic  or  anilidogen  acids.  They 
differ  from  the  salts  of  section  C  only  in  contaming  |»henylac  instead  of 
normal  amid.    Hoimann's  names  and  formulcB  are  as  follow : — 

247.  Camphoranilic  acid  =s  H,C'nrO' ;  (^'M  I' N.C'^H'O*.  . 

248.  PhtalariiHc  acid     .  a  H,e  liH  Y  ;  C"il«N,C^  HKf. 
34  -).  Siihoranilic  acid    .  «  H,C*  HV)* ;  C'*H''X,('' H'O' 
250*  buccinanilic  add  ,  =  H,C*  H*0* ;  C'"H«]^,C*  li'KJ'. 

This  oondndes  ibe  investigation  of  the  four  dasse?  of  dehydrated 
compoimds  described  by  Hofimginn  at  page  208. 


JZH* 
^52-|ZH,C»H* 


Hydramides. 

C'H'O  1 

>  Anisylac  amida  anisylenite. 

g^Ig,}  Furfurylac  amida  ferfurylenite. 


A  Ohlocinic-benzylac  amida  b6nzyIeQit& 

i/11*  •  C^*0  i 

/ii  C'lrUr'   '  C'iPOH  ^">'"*"i^^5«^7^  tien^ylenite. 

6erharot*s  Naves  and  Formula. 

251.  Anishydramide  =  C^R**NHy=  N-j^^"^^)* 

252.  Furfuramide  «  C'*H'«^«0»  = 

253.  Cldorosamide  =  C'H"Cra'0'  =  2H'|(^'^l(^'^)^)' 
2  54.  Bromosamide  =  C"H'^15r>N«0'  =  N*|  (^^^ X>)' 

These  hydi^amides  are  double  salts,  each  of  them  oontaining  an 
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amide"  similar  to  No.  153,  with  an  "imidc"  similar  to  Ko.  215. 
Only  a  few  of  them  have  been  discovered,  but  ther#  can  be  no  doubt 
that  many  more  will  be  fboDd,  now  that  their  oatore  is  onderBtood* 

Sulphates  with  Inorganic  Yice-Ammons. 

Group  A, 


25$.  ZH* 

256.  ZH»Zn 

257.  ZFPCuc 

258.  ZH^Ag 


80*  Ammona  8iil[)hote. 
SO"  Zincam  sulphete. 
SO*  CHipricam  sulphete. 
SO'  Argon  tarn  sulphete. 
259.  ZH'Pt  ;  SO*  Piatousam  sulphete. 

Usual  Naueb  and  Formula. — 255,  Sulphate  of  ammonia  » 
l(HX)»SO*.  256  to  259,  These  salts  are  sulphates  containing  the  vice- 
ammoniums  to  which  I  have  given  the  name  of  ammonam.  See  page 
193.  Niimelv,  they  are  sulphates  of  nomial  ammonium  in  which 
has  been  replaced  by  M*.  They  are  commonly  considered  as  sulphates 
of  metallic  protoxides  combined  with  one  atom  of  ammonia.  For  an 
account  of  Ko.  239,  see  Platinum,  No.  43. 

Group  B. 

260.  ZH*Mn;  SO*  +  ZH',H  Mangam       sulpliete  cum  amida  hydra. 

261.  ZH*Zn  ;  SO*-|-ZH*,H  Zincam         sulphete  cum  amida  hvdra, 

262.  ZH'Cd;  SO'  +  CZHSH)*  Cadmam  sulphete  bis  amida  hydra. 
26^.  ZH'Co;  SO"-f^H*,H  Cobaltousam  sul pi u  tt^  cum  amida  hydra. 

264.  Zii^'Ni;  S0*4-^H*,H  2s  iccoloiisani  bulphete  cum  amida  hydra. 

265.  ZH*Ag;  S0"-f  ZH*,H  Argentam     sulphete  emu  amida  hydra. 

Theso  compounds  arc  examples  of  the  aimn<  nnartii  salts,  of  which  I 
havir  L'lven  an  account  at  page  1 98.  It  seems  erlless  to  quote  their 
ordinary  njunes,  aij  the  fornmlffi  render  tlK-iii  uLvious.  xvo.  260  is  sul- 
phate of  manganese  with  two  atoms  of  ammonia  =  Mn0,S0* 4-2  KH'. 
The  names  of  the  others  conespond  to  this  example. 


a66.  ZII* 


Gboup  C. 

SO*  4-  H,SO*  Hydra  anmiona  bisulphete. 

SO*  izH-  so^  (: 

so*    •        ^7**1  Fe;  SO*  ^75- 1 

SO^  IZH^  SO^  ,^>-  J 

SO-  ^7i-iFec;S0*  ^^^^ 


 |JMg;»U"  '    I  rec;  »U"  -#--| 

^    JZH*;  SO*  IZH*;  BO*  ^  j 

2^9- 1    U;  S0«  ^73-)  Pb;  SO-  ^77- 1 

jZH*;  SO*  jZH*;  S0»  ) 

\  Mn;  SO*  ^74-  (  Zn;  SO*  ^78-  [ 


;  SO* 

Co 

;  SO^ 

ZH* 

;  SO' 

Ni 

;  S0» 

ZH* 

;  SO' 

Cue 

;  SO* 

ZH* 

;  SO* 

Hgc 

;  SO' 
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This  group  consists  of  d  )iil>lo  sulphat^>s,  in  oach  of  which  normal 
ammonium  is  ont  of  the  positive  radicals.  Trie  systematic  names  arc 
omitted,  to  save  r.X)in.  Thoy  may  be  found  by  substituting  the  name 
of  the  cliaracUM-istic  radical  in  each  salt  for  the  word  hi/dra  in  the  model 
name  ad^t^i  to  No.  266,  thus : 

No.  271  is  Ferroas  ammcuui  bisulpliete. 
272  is  Ferric  ammoDa  bisulpliete. 

The  ordinary  name  of  No.  266  Is  bisulphate  of  ammonia  =  NII*0,S(y 
4-  HO, SO*,  The  usual  name  of  No.  267  is  sulphate  of  soda  and 
ammonia. 

Gboup  D. 

279.  ZH*;  SO* -f  3(Alc,S0^)  +  Aq'«. 

280.  ZH*;  SO*  -f-  3(Crc,S0»)  +  Aq". 

281.  ZH*;  S0»  +  3(Mnc,S0»)+  Aq'«. 

282.  ZH*;  S0«  4-  3(Fec,SO0  +  Aq". 

This  group  consists  of  the  compounds  that  are  commonly  called 
Ammoma-Alums.  The  systematic  name  for  No.  279  is,  rmimoiki 
sulphete  tris  alic  sulphete  cum  aquabete.  Its  common  name  is  sulphate 
of  alumina  and  ammonia,  with  24  atoms  of  water  of  crystallizatioQ, 

=  (NH'0,SO«)    +(Al«0»,3S(y)        +  24Aq.  (?fii«l»i. 
(HO,SO*,HAd  +  6Aq)+AlK)*«3SO*  +  i8Aq.  Edtm. 

Tliese  formul:T>  apply  equally  to  the  other  examples,  only  chan^ng 
Al*  for  Cr*,  Mn*,  and  Fe*;  for  in  all  these  salt^,  the  usual  tlioitry  of 
chemistry  a^^snmes  the  existence  of  a  tersulphate  of  the  sesquioxide  of 
the  characterizing  metal* 

Group  £. 

283.  \  Uc.SO* 
(  (UcHOy 

j    zn\SO'     lAmmona  sulphete  cam  ammoDa  niooolott* 

-^^4-  1    ZH\NiO      f  sate. 

Q     i(ZIl'Cuc,SO')*iBis  cuprtcam  solphete  com  ammona  am* 
^^5-  '^ZH^ZH*0      I  monate. 

I  CuJ^***^  S0«  I^P"^  <="P"^  bisulphete. 

287.  I  ^^^1^*^   jMeronsim  sulphete  cum  roerons  hjclrata 

288.  I       li"  c  HO  1^^^^*"™  sulphete  cum  meric  hydnite. 

tZIPPtc  SO*  1 
PtcisO*  p  ^^^^  sulphete  cum  platic  sulphete 


Uric  ammona  bisulphete,  bis  uric  hydiate. 
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Usual  Nambb  ahd  Formulae. — 283,  Suli.liato  of  umnic  oxide  and 

ammonia  =  nrano-ammonic  sulphate  =  NH"'(),SO'' -f  U*Cy,S(>' +  2Aq. 
Gmelin,  It  may  Ixi  well  to  j>ut  here  the  usual  name  of  No.  269:  it  is 
Sulpliate  of  uranous  oxide  and  ammonia  =  umnoso-amnionic  sulphate  = 
NH*0,SO'-f  110,80".  Gmelin.  284,  Niccolo-sulphatc  of  ammonia  = 
NH*0,NiO  =  NH*0,SO'.  Gjneiin.  285,  Cu})r(>-sulpliate  of  ammonia  ; 
cuprum  ammoniacale  =  NH',CuO  4*  NH*0,SO'.  Gmelin,  286,  Sesqui- 
basic  sulphate  of  cupric  oxide  and  ammonia  =  NiP,2CuO,2SO',  or  NH*, 
OiO,SO»  +  CuO.SO".  GnvtUn.  Observe,  that  Nos.  257,  277,  28^  and 
286,  are  all  ammoiuBGal  aalphatea  of  copper.  287,  TriBiilpiiate  of  mer- 
caraaa  oxide  with  mercnrooa  amide  s  I^f  +  3Hg^,S0^.  6M£r. 
2889  Trisulphate  of  mercuric  oxide  with  mercnric  amide,  or  ammoniacal 
toipethum  =  Hg,NH'  +  3HgO,80*.  QmObn.  289.  See  Platinum* 
No.  81.] 


Sulphates  of  Organic  Yice-ammons  and  Yioe-amids. 


29a  ZH«,CH>;  SO* 

291.  ZH^C*H•;  S0» 

292.  ZH',C«H»;  S0» 

293.  ZH»,CH*C1;  S0« 

294.  7AVSm*l;  so« 

295.  ZH^C'H^  Cue;  SO" 

296.  ZH»,C^H7 ;  SO* 
ZH,C"IP;  SO" 

H;  SO' 
ZH,C«H» 
Pb 

ZIP,CW 
H 

ZH»,C^ 
ZH* 

Z,CW,(7IP 

302.  \  ^  'c-H» 
Z,(7H*CTI» 
CH* 
Z,(7H*,C*H" 

JZC'«H",CH» 

305. 


297. 
298. 
299. 
300. 
301 


■I 


304.  I 


Methylam  stdphete. 

Acetylam  sulphete. 
Phenylam  sulphete. 
Chloric-phenylam  sxilphete. 
IcMlir-phenylam  sulphete. 
Cu| )ri(  -j »h(  iiy  lam  sulphete. 
Toluenyiam  salphete. 

,  >Hydia  indylac  solpbeDOte. 
Iplumba  indylac  aoiphenote^ 


SO-  f 
SO" 
SO" 
80^ 
SO" 
SO" 
SO" 
SO" 


Hydra  indylam  sulpheoote. 
Napbtylam  amida  sulpbeDote. 


Succinylic  -  benzylac  sulphete  com 

phenyla  sulphete. 
Succiuvloc  aolphete  cum  phenyla 
SO"  f  solphete. 

SO"  iBenzylec  solphete    cum  phenyla 

SO*  J  sulphete. 

SO*  I  Acetylic  -  iK'uzylac  sulphete  com 
SO'  j     phenvla  sulphete. 
SO'  jCumylic  -  benzylac    sulphete  cum 


SO*  j    phenyla  sulphete. 
306.  ZH.CCH')";  SO'  4-  3(Alc,S0«J  +  Aq'*=  Methylim  sulphete 

tria  alio  sulphete  com  aqoabete. 
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Usual  Names  and  FoRMCL.t. — 290,  fc^ulphate  of  nicthvlamir-  = 
(;'1-PX,HS0*.  291,  Nontral  su]])hatp  uf  acetosamine  =  2C*H*^',2iiO, 
S*(/,  Gerhardt,  292,  See  aniline  24].  293,  See  aniline  26].  294, 
i>ee  aniline  27^.  295,  See  aniline  25].  296,  Sulpbate  of  toluidine 
=  2C'•H'^N,S^(  )^2HO,  Gerhardt.  297,  See  iudigo,  48].  298,  See 
indigo,  49].  299,  See  indigo,  46].  300,  Bisulphate  of  8oniinapht;ilii!:mi> 
or  bis!il])hate  of  aionaphty lamine  =  C»H"NSSH/,aHO,  Gerhardt.  Sec 
Ko.  208. 


301. 


302- 


f  Diazoture  of  sulphophenyle,  of 
<  h^nzoile,  and  of  succiu^ie 
(    =  C*H**^'S*0*^ 


J  Azotoreof  sulphophenvle,  and 
t   of  Sttccinyle  s  G^'JNSK)* 


Dibenzo-  sulphophenylaiiiide 
=  (C«H>»ITO»N),  or; 


fC"H»  0« 
C"H»  0« 

^•{c»ws«o* 

C"H»S«  O* 


GtrhardL 


Gerhardt, 


303.  . 


jc»IPS*0* 


Azoture  of  sulphophenvle  and 
ofbeuzoile  =  C''H''*NSO* 


C»*H*,2S(yj 
( C«H\SO» 

1(7H*0 

:c»«H»s*o* 


(C»«H»S*( 
;N^C»*H*0* 


Azoture  of  sulphophenyle,  of 
benzoilc,  and  of  benzoile 

For  an  acoocmt  of  the  preparation  of  Una  aalt,  see  No.  327. 

f  Azoturo  of  sulpliophenyle,  of  rC*«H*S'0* 
<    Ixnzoile,  and   of   acetyle  s=N<C'WC)* 

I    =  CrH'«NS»0'  (eipo* 

'Azoture  of  sulphophenvle^,  of  rC^*H*S\>* 
Ixnizoilc,   and  of  cumyie  =N<C>*1W 


Oerhart^, 


304. 


C«H"NSO* 


a  N  ^  C'H'O 


Gerhardt. 


Gerhardt, 


Gerhardt. 


305.    The  alum  of  trinicthvLim ine 

SO»,N((-H^)^HO  +  3S0»,A1W  +  24  aq. 
1N(C?H«>H.0]  ^ 

'  alo  r     _^  ;  . 

alOr  ^ 

Professor  Miller  quotea  No.  303  as  an  example  of  a  tertiary  amide, 
in  which  each  equivalent  of  the  hydrogen  of  ammonia  is  displaced  by  an. 
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eqirivaleiit  an  oiganic  radicle,"  and  he  apologizes  for  its  '*  inharmonious 
aid  unwieldy  name."  It  would,  perhaps,  have  better  suited  the  cir- 
cmnslnices  if  he  had  apologiaed  £ot  the  wildness  of  the  theory  which 
gave  rise  not  only  to  the  name,  but  to  the  formuls ;  at  does  Professor 
ililW  r  i]!v  believe  in  the  proposition,  that  siich  compounds  as C"H*0^, 
and  C'*tP<>,  and  (more  wonderfhl  still)  C"H*8»0*,  can  each  replaoe 
ene  of  the  three  atoms  of  hydrogen  which  belong  to  ammonia,  and  in 
oompmy  with  the  nitrogen,  constitute  an  ammonia,  merely  an  ammonia, 
aod  not  a  salt?  Does  he  believe  that  the  formulie  which  I  have  quoted 
from  Gerhardt  to  represent  the  compound  No.  301,  prove  the  constitu- 
tion of  tliat  compound  to  be  that  of  an  ammonia  ?  It  seems  to  mc,  that 
this  new  "  ammonia  type"  of  Gerhardt*s  is  a  press  by  means  of  which 
anytliing  you  wish  to  put  out  of  your  way — hydrogen,  metals,  hydro- 
carbons, nietalloids,  oxygon,  nitrogen,  and  everytliing  els(^ — is  to  \^ 
screwed  into  th^-  fomi  uf  an  '*  ammonia,"  without  regard  to  ]>ossibility, 
necessity,  or  utility.  It  is  a  short  and  sharp  way  of  getting  rid  of 
troublesome  things,  just  as  novelists  and  dramatists  kill  nff  ciiaracters 
who  become  sujHTliuous.  The  ammonia  type  is  au  accommodating 
thing  in  its  own  way.  Jnst  as  the  IkhI  of  Procrustes  suited  all  men,  pro- 
vide*l  the  short  men  were  racked  longer  and  the  long  men  were  cut 
shorter,  so  the  ammonia  t}'pe  suits  all  nitrogenous  saltSf  provided  they 
are  properly  trimmed  to  fit  it. 


The  PolythionateB  of  Ammonia. 

This  section  includes  the  salts  that  are  formed  by  diy  ammonia  gas 
with  anhydrona  oxysolphnr  adds. 


307.  ZH*,SO  4-  ZH\SO  . 

308.  ZH*,SO  4-  H,SO  . 

309.  ZH«,SO  +  ZH*Ca  . 

31a  ZH*ZH*;  SW  .  ♦ 

311.  H,ZH*;SW.  .  . 

31a.  H,ZIP;SV.  .  . 

313.  ZH^ZH^SV  .  • 

315.  ZH*,SK)*  +  2H«,SK)" 


Amida  sulphate  cum  ammona 

sulphate, 
Amida  solphate  com  hydra 

sulphate. 
Amida  snlpbate  cum  ammona 

cfaloia* 

Ammona  ammona  sulphenite. 
Hydm  ammona  sulphenite* 
Hydra  amida  sulphenite. 
Ammona  amida  solphenite. 
Hydia  amida  sulphenite  cum 
ammona  amida  sulphenite. 
Ammona  sulphenete  com  amida 


sulphenete. 

316.  ZH',S'0*  Ammona  sulphenite. 

317.  ZH\SH)^  Ammona  sulphinite. 
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317a.  ZH\bO*  +  (HSO)*   .    Animona  sulphete  bis  hydia 

suljthate. 

Q  j  5^H*S0  +  HSOl  Hwti^  ammona  bisulphate  cum 

3"-"i  (ZH*)*;  S*0»     f    •    '      'ammonen  siilphomte. 
515.  (ZH*)*,S*0*  -|-  -jAq  .    .    Tris  aiiinioneu  siilphouite  cuin 

aquale. 

Usual  Names  and  FormuljE. 

307.  ZH'ySO  4-  ZU%SO  .    •    Amida  snlplute  cum  ammooa 

sulphate. 

Acoovding  to  Miller,  lihis  oomponiul  is  prodnoed  hy  mixiog  diy  sol- 
phiuoos  acid  gas  SO  with  an  excess  of  dry  ammoDiacal  gss.  Two 
voliimes  of  SO  and  four  voluincs  of  ZH*H,  that  is  to  sa}%  two  atoms  of 
each,  oompoond,  combine  to  form  this  salt  Miller  calls  it  solphmons 
ammonide  »  IPN,SO^.   Gmelin  does  not  admit  of  its  existeiicew 

308.  ZH*fSO  +  H,SO    .   .   Amida  sulphate  com  liydia 

solphate. 

i\Iiilt*r  informs  us,  that  this  comjHJund  is  productxl  when  an  excess  of 
dry  sulphurous  .u  id  giis  is  mixed  with  dry  amiuoiiiaail  gas.  Gmelin 
states,  on  the  authority  of  Rose,  that  in  whatever  proportions  the  two 
gases  are  mixed,  they  always  condense  in  equal  volumes.  Miller's  for- 
mula is  H*N,3S0^.  Gmelin  sires  it  two  fonnnke,  NH^»2S0"  and 
NB^iSOySO*,  and  names  it  solpnit-ammon. 

It  dlfi^  fiom  bisulphite  of  ammonia,  51 1»  by  one  atom  of  water, 
thus — 

^H«''^0  *  + 

When  it  is  dissolved  in  water,  it  speedily  produces  sulphate  and  trithio- 
nate  of  ammonia — 

ZH«,SO  4-  HSO        J      H  >0    \  =  Trithionate  of  ammonia. 
H*  O  "  ]      HSO  I 

H«  O  I    ZH*,80"   =  Sulphate  of  ammonia. 

Compare  the  note  descriptive  of  No.  315. 

309.  ZIPySO  +  ZIPQ    •   Amida  solphate  com  amnooa 

chlonL 

A  mixture  of  sal-ammoniac  and  sulphamide  =  N II*,. SO*  -f-  ^H'Cl, 
Ginelm.  A  white  soluble  powder.  Sulphamide  =  ZH*,SO  has  not 
been  isolated. 

V 

310.  ZR* ;  ZR* ;  SKf  .   •   Ammona  ammona  snlphenite. 
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Analytical  £>nDQ]a  =  ZHS*  SO  +  ZH\S(/.  Usual  name:  Neutral 
sulphite  of  ammonia. 

311.  H ;  ZH* ;  .    .    Hydra  ammona  salph^te. 

Analyticai  ibnnala  ^  ZH\30  +  H,1S0'.  Usual  name :  Bi«alphite  of 
ammonia. 

3 1 3.  H ;  ZH" ;  .    .   Hydra  amida  sulpbenite. 

A  hypothetical  corafK>uud ;  not  yet  pixxluced.  Its  snpj)osed  constitu- 
tion is  =  ZH'SO  4-  H'80* ;  the  H'  being  rcplacea)  >ie  by  ;i  positive 
radical.  Usual  name:  Sulphamic  acid  =  HO,H*N,S'^»,  Milkr.  The 
forraida  of  the  sLilj>hamat<*s,  accordinf^  to  the  radical  theory,  is 
ZHVSO  -f  M60\  or  M*;  ZH*;  SHT.  That  is  Uj  say,  they  are  common 
libasic  sulphit/»s,  in  which  ZH*  is  constantly  one  of  the  two  basic 
ni»iicak.  Accordinn'  to  Dr.  Miller's  fDrmiila,  this  acid  is  what  I  may 
call  an  amidated  hy]>osulphato ;  but  wo  have  not  the  slightest  evidence 
to  show  that  the  amidogeu  in  this  salt  acts  as  part  of  the  acid  ladual, 
nor  that  tlie  salt  is  a  hyposiilphate.  In  fact,  if  ZH*  1ie  admitted  tn  be  a 
ha!»ic  radical,  then  the  existence  of  two  |X)sitive  ra  l  <  ils  in  the  silt  is  suf- 
(i'?;<*nt  ]^rrK>f  tliat  it  is  not  a  hy|X)snlphate.  See  the  note  ou  u^uauic  acid, 
[jd^e  i^j,  and  in  the  o.xamates,  pugu  226, 

313*  ZH^;  ZH*;  S*0*  .    •   Ammooa  amtda  snlphenite. 

Analytical  formula  =  ZH*,SO  -f  ZH*,SO*.  Producetl  bv  transmitting 
a  current  of  drv  ammoniacal  gas  =  ZH"H  over  anh\  (linus  sulphuric 
acid  =  S,SC>*,  keeping  the  latter  in  excess.  Commuu  iiaun  ;  Sulphuric 
ammonidt-  or  Sulphat  ammon  =  H*N,SO',  Miller.  Sulphate  of  amnion 
=  NH'jSCy*,  Gimliii.  Sulphaniide,  Dumas.  Sulpliat  amnion,  liose. 
It  is,  of  course,  tlie  ammoniiun  siilt  of  the  hyj>othetic^d  sul|jhaniic  acid. 
No.  312;  and  it  is  sometimes  called  the  sulphamate  of  ammonia. 
Gmelin  describes  a  **  deliquescent  sulphate  of  ammou,"  whicli  seems 
to  agree  with  the  formula  ZH^ ;  ZH* ;  S*0»  +  Jaq. 

i      •  ^^^^ '  S'H)*!        Hydra  amida  sulphenite  ami 
> '    \ZH' ;  ZH* ;  8*0")    '      ammona  amida  solphemte. 

^  Aooocding  to  Jacqudain,  this  compoond  maj  be  procured  in  bean* 
tilol  tranaparent  ciystab  hj  transmitting  the  vapour  of  anhydroos  sol- 
pbnric  add  into  ammoniac^  gas  in  excess;  the  solid  eomponnd  thns 
oblBined  is  fused  in  a  current  of  dry  ammonia^  and  dissolved  In  water, 
Tlie  crystals  obtained  on  evaporation  consist  <^  3(H'N)  +  480*.  Al* 
Aoogh  the  solutioii  of  this  compound  has  an  add  reactum«  it  gives  no 
pnedpttate  with  salts  of  baiyta.*'  MUkr. 

Compare  the  three  fi>rmul«  312,  313,  314.  It  is  evident  that  314 
lepresents  a  doable  salt  composed  of  3 1 3  +  3  ^  3*  It  is  what  might  be 
cdiedfaocording  to  the  ordinary  theory,  the  add  sulphamate  of  ammonia ; 
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but  Miller  does  not-  invo  if  that  name.  The  reader  will  find  it  important 
to  notice  the  evident^  aliordcd  liv  this  salt  of  the  existence  of  donMe 
sulphites.  The  }>resence  of  tlie  replaceable  atom  of  is  tlie  cause  of 
the  acid  reaction.  The  nt>n-precipitation  of  Sidts  of  i  -ai)  ta  MAY  be  due 
to  the  formation  of  a  soluble  d(juble  salt  agreeing  with  the  formula— 


I 


Ba;  ZH«;  S«0»| 


jZH*;S"0*l  Ammona  sulphenete  cum 

3'>|zH«;  S«0«[   •   •   •      amida  sulphenete. 

I  have  alluded  at  page  170  to  the  existence  of  a  class  of  oxvsulphur 

s;ilts  which  asjee  with  the  formnla  H%SO  -f-  SO  or  H',S*<j*.  This 
compound  may  be  a  double  salt  of  that  series,  but  its  comj)osition  is  un- 
certain. 1  have  groujjed  the  elements  into  a  dillirent  Ibnnula  at 
No.  308.  Other  views  of  the  composition  of  this  salt  are  tlescribed  in 
Gmelin's  HaiidUK)k  of  Chemistry,  vol.  ii.,  p.  456.  It  is  possible  that 
salts  may  exii>t  wlueh  agiw  with  both  iurmuia?. 

316.  ZH^;SK)**   .   •   •   Ammooa  salphenite. 

A  compound  containing  S'O^  with  one  positive  radical,  constitnting 
what  Giucliu  properly  calls  a  hyposulphate.  His  formula  is  I^Tl*0,JS*O*, 
(with  aq\  which  I  have  omitted  in  the  above  formula). 

3x7.  ZH*;  SH)*  .    •    ♦    Ammona  sulphinite. 

JZH*S0*)  Ammona  sulphete  bis  hydea 

3'7*'-  |(HSO)*(    •    •  sulphate. 

Miller  quotes  WNOfiK^  as  the  formula  of  fhe  triihioiiate  of  ammonia 
which  is  produced  1^  die  dec<Hnpo8itioii  of  liie  salt  Na  308.  This  for- 
mula would  require  Na  j  17;  but  in  the  presence  of  water,  the  compound 
that  would  be  produced  is  that  which  is  represented  by  the  formula 
No.  317a.   Consult  the  Theory  of  the  Ththiooates,  page  168. 

g  fZH*SO  4-  HSOl      Ammona  hydra  bisulphate 
'    *  ((ZII*)";  S*0*     I  *       cum  iunmunen  sulpliouite. 
319.  (ZH*)*;  S*0*  +  -^q  Tris  ammonen  sulphonite 

cum  equate. 

Gmelin*s  hyposulphite  of  ammonia  =  3(NHH),8*0')  +  HO,  admits 
of  explanation  either  by  No.  318  or  :;i9,  according  as  it  is  considered  to 
1 K*  a  1  ly  d  rated  or  an  anhydrous  salt.  i5ee  the  Theory  of  the  Hyposulphites, 
page  160. 
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Sulphites  containing  Vice-Amids  and  Vice-Axnmons. 

The  conditions  of  the  existence  of  a  sulphite  are  that  it  shall  contain 
two  positive  radicals,  two  atoms  of  sulphur,  and  three  atoms  of  oxygen, 

320.  CH^  ZH«;  SKf  Methyla  amida  salphenite. 
320'.  (7H*;  ZH*;  8»0^  Benzyla  ammona  sulj)li(  nite, 

3 2 1.  H  ;  ZH,    C*'  H* ;  S*( V  I lydra  phenylac  sulphenit^. 

322.  ZH*;  ZH,    C'H*;  6*0^  Aimnona  phenylac  sulphenite. 

323.  Ag;  ZH,    CH*;  S'C  Argenta  phenylac  sulphenite. 

324.  Ri;  ZH,    CH*;  S*0*  Baryta  phenylac  sulphenite. 

325.  C'H*;  ZH,    C"H»;  S*0»  Benzyla  phenvlac  sulphenite. 

326.  C'^H";  ZH,    C  H*;  S'O'  Cumyla  ph.Miylac  sulphenite. 

327.  Ag;  Z(7H*,CH';  8*0*  Argenta  benzylic-pheny lac  sulphenite. 

328.  (7H*;  ZAg,  CH';  S'O"  Benzyla  argentic-pheny lac  sulphenite. 

329.  H;  ZH,    CfH';  SW  Hyaia naphtylac  sulphenite. 

330.  K ;  ZH,    C**HT;        Potassa  naphtylac  sulphenite. 

331.  K;  ZH,   (7W;  SK)^  Potassa  toluenylac  sulphenite. 

332.  ZH^  ZH,   (7W;        Ammona  tolaenylac  sulphenite. 

333.  (ZH",CfU*)' ;  Indylamen  aolphenite. 

UaCTAL  NaMIB  AMD  FOBMULJB. 

320.  CH':  ZH";  Methyla  anii.la  sulphenite.  Analytical 

formula  =  ZH^SQ  4.  CIP,SO«.  This  s;ilt  coi rcsix>nds  to  313,  with  the 
exception  that  the  replacealjh*  jxjsitive  radical  is  CH*  instead  of  ZH*. 
It  is,  therefore,  accordin<i;  to  the  usual  theory,  the  sulphamate  of  metliyl, 
the  trivial  name  of  whicii  is  sulphoniethylane.  Gnxjlm's  new  Gt'nnan 
systematic  name  is  Schwefel-Formamesler  =  C*ffAd,2S0*.  He  also 
quotes  the  following  forainl»«Cm*NSK)^aDd  G^^,S*AdO*.  Ger- 
haidt's  name  and  fonniile  are,  Sulphamethylane,  or  sulphamate  of 
methyl  =  CTPNS«0» 

^|NH"  (^^^^1 ;  and  he  adds  tlie  information,  tliat    sulphamic  acid 

pepresonts  tlu-  hydrate  of  an  oxide  of  ammonium  in  which  H  is  replaced 
by  S(/.'*  I  might  reasonably  in(piire,  whether  "  the  hydrate  of  an  ooude 
of  ammonium,'  in  which  H  has  been  replaced  by  SO",  still  remains 
**  the  hydrate  of  an  oxide"  of  ammonium  ^  For  my  piu't,  1  consider  an 
ammonium  having  the  formula  (ZH^H,6O',b0")  to  be  a  monster  whose 
existence  is  impossihle. 

The  fullowinii;  is  Professor  (ire[z;ory's  account  of  this  compound  : 
*'  When  a  current  of  ammonia  is  made  tr)  act  on  tlu'  iit  utni!  sulphate  of 
methyl,  there  is  produced  a  crystalline  compound  C'lr^NbH)*,  whicli 
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has  been  called  sulphamethylane,  and  may  be  viewed  as  oxaraethylane, 
in  which  sulphamide,  SO*,NH*,  has  been  substituted  for  oxamide,  C*0*, 
NH* ;  or  SO",  for  CO*.  It  may  also  be  considf^red,  if  oxaraethylane 
be  the  oxam^  of  oxide  of  methyl,  dPO  -f  C^H*NO^,  as  compoeed 
of  oxide  of  methyle  and  a  peculiar  acid,  formed  of  hyposolphoric  acid 
and  amide,  or  rattier  of  sulphuric  add  and  sulphamide,  and  whidi  mvf 
be  called  aulphamic  add ;  and  its  formuk  will  be  CTPO  +  (8*0, 
NH«),  or  CTPO  4-  (S0»  +  NH»,SO^.  On  this  view,  sulphame^kne 
is  the  sulphamate  o£  oxide  of  methyIe."^JJaiui6ooft  of  Organic  Che- 
mistry  (1856),  page  179. 

This  paragraph  contains  an  exodlent  summary  of  the  views  iJial  are 
now  entertained  by  organic  chemists  in  respect  to  this  compound,  and 
these  views  mani^  a  state  of  bewilderment  which  is  oucdated  to 
inspire  little  confidence  in  the  minds  of  chemical  students. 

226*.  C^;  ZH*;  8*0^,  Benzyla ammona  sulphate. 

umd  Nam :  Sulphite    benzosum  and  of  ammftnmm 

(SO 

=  (7IP(NH*)0,S0*  =  0"  {aw  Gerliardt. 

321.  H:  ZH,e'H^  S'O'Hvdraphenylacsulphenite.  Analytical  for- 
mula =  ZH,C«H* ;  SO  +  H'SO^.    Compare  this  formula  with  No.  312. 

The  salts  are  similarly  constituted,  excepting  that  one  of  them  contains: 
amid  as  a  constant  basic  radical,  where  the  other  has  phenylac.  In 
both  salts  there  is  one  replaceable  atom  of  hydrogen,  H',  which  gives 
rise  to  a  series  of  neutral  sulphites. 

Uswd  iiamefi. — Sulphanilic  acid  ;  ani];i!i^ic  sulphuric  acid,  or  aniloail- 
phamic  acid  =  C» WNS*0*  =  HO .  S0» ;  C WJN,SO» = HSO'C«H«N,S0» 

=HO.S  l^jSO*.  Bofinami. 

iSulphanilic  acid,  or  ]>lipnvl-sulphamic  acid  =  C"tFNS*0*,  Oerharth. 
Suli>hanilic  acid  =  }lO,C'*H«N8*0*  =  HO,C'«H*,HN,SW,  Miller.  Sul- 
phanilic  acid  is  formed  by  heating  aniline  with  strong  sulphuric  acid. 

322.  ZH^;    ZH,C*H*;  SH)^,  Ammona  phenylac  sulphenite. 

323.  Ag;     ZH,CTP;  SW,  Aigenta  phenylac  sulphenite. 

324.  Ba;      ZH,CW;  S*0»,  Ba^ta  phenylac  sulphenite. 

325.  (7H»;  ZH,OT[*;  S*0",  Benz>'la  phen viae  sulphenite. 

326.  C»W* ;  ZH^OT* ;  S«0»,  Cuinyhi  phenylac  sulphenite. 

Thoso  Civc  siilts  arc  funned  by  tlie  replacement  of  H,  in  the  sooilled 
sr.lphanilic  *'acid"  No.  321,  bv  the  positive  radicals  that  nn^  ('xhibit^.-*! 
bv  the  ditli  rent  r()rnin]a\  Of  course,  these  are  the  salts  that  are  com- 
monly  calUd  sulplianilatcs.  I  will  nevertheless  quote  the  ordinaiy 
names  and  forniula^  of  each  sait. 
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322,  Sulphanilate  of  ammonia  =  C"H«(NH*)NSH>*,  ChrharvU, 

0* 


=  NH^,s|    J  SO*,  ifo>aim. 


323,  Sulphanilate  of  silver  =  C"(H*Ag)NSW,  //(jf/na/tn.  324,  Sul- 
phanilate of  bank\s  =  C**(H'Ba)NS*(5',  Hofmann,  325,  Analvtical 
iGimulfiB,  ZH,C*H*  :  tSO-j-O'H*;  SO*.   Usual  mum:  iieuzo-sulphophe- 

ujiamiUe  =  <C^*H^     y  N,  Miller,    Azoture  oi  bulphopbeuyle,  of 
I   H  J 

benzoile,  and  of  hytlrogen  =  N  vCTi'O     (Jeiliardt.    The  following 

I  H 

reaction  exhibits  the  formation  of  this  salt  from  No.  342,  when  acted 
upon  by  the  compound  (7H*,  C10  =  Benzyla  chlorate,  commonly  called 
chlonde  of  benzovl. 


No. 


IZH,C»H*;  son     fZH,C-H^  SO  )  ^ 

1        Ag  ;  SOf  U  {      an'  ;  S0«/  3^5- 

(71 P;  CIO  J     [        Ag  ;  01 


\i6f  Azoture  of  sulphoplienvle,  of  fCH*SO* 

cmnyle,  and  of  hydrogen        lom^'O  Gerliordt, 
=  C'^H'^NSO'  I  H 

It  is  amusing  to  notice  the  varieties  in  the  formulae  which  the 
lugeiiuitv  of  chemists  has  ])r(>vided  for  the  snlphanilatcs.  The  salts 
ire  fividentlv  formed  on  a  single  m<Klel,  but  the  formuiix^  are  very  agree- 
ably di^'crsitiLHl,  and  all  in  accordance  with  the  well-known  philosophical 
aodoiu,  tiKit     the  farthest  ^v;'v  round  is  the  nearest  wav  th^ro.'* 

32T.  A.-:  ZC^H',^!!^;  S  O^   Argenta  l)enzylic-])liony]nr  snlphenite. 

328.  C'it  ;  ZAgX'^H*;  TVn/yia  argentic-pheii)  lac  sul])henite. 

Nos.  ^27  and  328  iwe  dillerent  lurmulfe  to  represent  the  same  com- 
jxrand.  The  salt  difiei-s  from  No.  323,  in  having  the  amidec  ZC'lPjC'H*, 
instead  of  the  amidac  ZH,C*H*.  It  may  a!sr)  1)0  compared  with  the  salt 
No.  325,  from  wlneb  it  is  prepan  d,  and  from  Avhich  it  differs  by  con- 
taining ZAg,('^H-  instead  of  ZFI,C^H*.  Whether  the  silver  acts  as  a 
l^ia^e  per  se^  or  is  in  the  coiuiition  of  argentic-] >lienvlac  is  undeti.'iniined. 
Tilt'  lollowing  reuctiouii  are  interesting,  but  undecisive  in  this  particular: 

eH*;ZH,CH*:  S«0«1  _  IC^H*;  ZAg,C*H^  S«0» 
Ag;  NO»r  -  t  H;  NO*. 

cm';  CIO  f  ~  I  C  il  ;  SO«f  + 

Tlie  product  of  th(^  last  reaction  is  the  salt  No.  303* 
Usual  name  of  ^o,  327 ; — 

CW,2S0*1 

Benzobulphophenylargentamide      =  C'*H*0*     \  N,  MtUer, 

•  Ag 
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Azoture  of  siilj  »hophenyle,  of  ^  ~ 

benzoile  and  of  silver.       .    i  I     a  ^ 

I  Ag. 


329,  H;  ZH,C''H^  .S«0»,  Hydmnaphtylac  sulphenite ;  AualyUcsd 
formula  =  ZH.Cm^ ;  SO  -h  H,SO*. 

Thionaplitaniic  acid  =  C"IPNS*0*,  Oerhardt.  Compare  widi  Ho,  337. 

330,  K;  7Al,iTW;  S'O*;  Potassa  naphtylac  sulphcnito. 
Tliionaphtamate  of  ]>otash,  Gerhardt.    Similar  salts  are  formed  with 

ZH*,Ba,rb,  instead  of  K.    Cx)uipure  with  No.  338. 

jjl.  K  ;  ZH,(7ir  ;  8*0^  .    .    .    PotasBB  toluenylac  solphenite. 

332.  ZH* ;  ZH,Cf ;  &Cf    •   .   Ammona  tolueikylac  solpheoile. 

These  salts  are  called  ihjotolamates  or  tbiotolaoktes.  Fonmle: 
e^NH^S'O*  and  C*^NIP(NH«)2S0'»  OmeUn.  The  thiotokmic  add 
has  not  been  isolated. 

333.  (ZH',CH')*;  S'C,  Indylamen  anlphenite.  See  Indigo^  Ko.  5a] 

Hyposulphates  <x)ntainiiig  Vice-AmicU  and  Vice- 

Ammons. 

A  hyposulphats  most  contain  two  atoms  of  sulphor,  three  atoins  of 
oi^gen  and  one  positiYe  radical* 


iZH,Cli* 


335-  {i 


-  jzi 

334-  |h  ;  S 

337.  {^:[! 


S*0* ) 

f(y\  Hydra  phenylac  bisulphenite. 

OtQSi 

g8Q,>  Burpa  barytio-phenylac  bisolphenite. 
>  Argents  aigentic-phenylac  bisolphenite. 

^^(  y<J  Naphtylem  amida  bisolphenite. 

338.  1 2^^^        !  S"0*}  Naphtylem  argcntec  bisulphenite. 

339.  ZlPZn;  S*0*  +  ZH*H  Zincara  sulphenite  cum  amida  hydnu 

340.  ZiPNi ;  SKf  +  2ZH'U  Niccoloosam  sulphenite  bis  amida 

hydra. 

UscTAL  Kameb  and  Fobmula. 

334.  II;  ZH,C''H*;  (S*0«)«,  Hydra  phenylac  bisulphenite. 

Analytical  formula  lZII,CrH^  i^O*  +  SO) 
Seepagei72.    I  H;SO*+SO/ 

Compare  this  compound  with  No.  321.    The  basic  radicals  H  and 


Digitized  by  GoogI< 


iiVrOSULPHAIl^  COXTALNING  VICL-AMIDS  AND  VICE-AMMOXS.  241 

Zfl,C*H*,  are  combined  in  221  with  SK)^,  in  334  with  twice  S*0^;  or, 
reversing  tlic  standard,  we  liave,  to  the  sanie  quantity  of  SH>*,  in  321, 
fair  basic  radicals,  in  334  two  1  i  radioUs.  HeDoe^  321  is  a  sulphite 
and  334  a  double  liyjxjsulptiate.  This  compound  is  protluced  by  heating 
dry  sulphanilic  acid  with  fuming  sul])liuric  acid.  It  was  discovered  by 
Bockton  and  Hothiann,  who  call  it  disulplianilic  acid,  and  give  it  the 
formula  C^H'^NS^)'*.  According  to  these  chemists,  it  is  a  peculiar 
sad  perfectly  new  bibasic  acid,  wliich  forms  salts  that  agree  with  the 
Ibnnala  C**(H*]M*)NSH>*,  There  is,  however,  no  evidence  to  prove  the 
uiistence  of  this  peculiar  acid,  or  to  wanant  the  formulating  of  the  salts 
nrhich  it  produces  as  if  they  contained  any  new  add.  They  appear  to  be 
doable  hyposolphates  and  uothiog  else. 

335.  1^^'^  barytic-phenylac  bisuJphenite. 

336.  1^'^^'^^^^ !         Argenta  argentic*phenylac  bisulphenite* 

These  are  salts  of  the  so-called  "  disulphanilic  add»"  No.  334.  They 
csa  be  formnlated  in  1^  more  simple  manner  thus : 

334.  ZW;    C*H*;  (SW«  =  Amida  |)honvla  bisulphenit4>. 
^35.  'AM;  C"H*;(S»CP)*       Daryk^c  phcnvla  bisiilphcriite. 

336.  ZAg*;  C'H*;  (S'O*)'  =  Argentec  phciiylu  bisulpiienite. 

But  these  formulse  are  founded  on  the  notion  of  the  complete  disruption 
of  the  aniline ;  and  I  cannot  t^'ll,  from  the  accoimt  which  has  been  pub> 
fished  by  Messrs.  Buckton  and  Hofmann,  whether  this  disruption  tekes 
plaoe  or  not  These  formulae  accouot^  in  a  very  simple  manner,  for  the 
bibasic  property  of  disulphanilic  acid. 

337.  j  y    :       '  '  <^SQ8|'  Naphtylem  anuda  bjsuiphemte. 

33^-  |zAgAg;       S'Cj  ^^P"^)'^^"^  argentec  bisulphenite. 

When  thicmphtamie  acid  (No.  329)  pr*  pared,  its  mother-liquor 
yields  a  compound  having  different  properties,  but  the  same  percentage 
oomposition  as  that  add.  See  Gerhnrdt^  on  the  authority  of  Piria,  TrmU 
it  Chmu  OrganiquB^  tome  iii.  472.  Gerhardt  calls  it  Naphthionic  acid 
and  Snipho-naphtalidamic  add.  His  formula  is  C^H'NSK)*;  and  that 
of  the  salts  is  C^fniNSV.  These  formube  agree  precisely  with  those 
which  he  gives  fer  the  thionaphtamates.  We  give,  nowever,  some  sort 
of  reason  for  the  isomerism  which  is  found  here,  if  we  ascribe  to  one  set 
of  salts  the  formuki  given  at  Nos.  329  and  330,  and  to  the  other  set 
those  given  at  Nos.  337  and  338.  It  is  favourable  to  this  sug^* 
tioD,  that  the  salts  whicn  I  have  formulated  as  hyposulphates  are  much 
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more  difficult  of  deoomposition  than  those  which  I  have  described  as 
sulphites.  This  power  of  withstanding  the  decompodng  actkm  of 
reageots  is  characteristic  of  the  fajposoiphates  generaUj. 

339.  ZH'Zn ;       -|-  ZIPH.  Zincam  aolphenite,  cotn  amidA  hydra. 

Gmelin  calls  this  salt  the  Amaionio-hyposulphate  of  zLnc-oude  s 

+  ZnCS'O'. 

340.  ZIf  Ni ;  S'O'  -f  2ZH*U.  Niccolousam  aolphenite  com  amida 

hydra. 

Omdin'a  name  and  fomrala:  Ammonio-hypoadphate  of  nickel-oiide 
=  3NIP  +  NiO,S  V. 

Hyposulphites  with  Yice-Ammons  and  Yice-Amids. 

34t .  ZH,C*H* ;  SO  +  HSO.   Phenyhc  ndphate  com  hydra  soK 


343.  ZH,GW;  SO  4>  AgSO.  Phenylac  sulphate  cam  aigenta 

sulphate. 

343.  ZU,C*H» ;  SO  +  aSO.  Phenylac  solphate  com  chloia  ad- 

phate. 

344.  (ZU*Zn)*;  S'O*.  Zincamfio  sulphonite. 

Usual  Names  and  Formula. 

341.  ZH,CH^ ;  SO  +  HSO.  Phenylac  sulphate  com  hydra  sulphate. 

Snlphopbenylamide,  or  aaotore  of  f  CfH'SO^ 

snlphophenyle  and  of  hydrogen    s  N<    H  Oit^ardi, 
sCIPNSO"  I  H 

342.  ZH,(7H^  SO-fAgSO.  Phenylac  sulphate  com  argenta  sulphate. 

Azotuie  of  sulpho-phenyle,   of  fC*H*S(y 

silver,   and  of  hydrogen  =     =      <     Ag  Uer/uirdt, 

See  No.  335. 

34^.  ZH,C"IP  ;  80  4- CISC  Phenylac  sulphate  cuni  chlora  sulphate 
Chloride  of  eulpho-phenylf  =  C'*Hes«on,  OerhtmU, 

These  three  salts  may  also  be  foimulated  thus : 

341.  H ;  ZH,CW ;  f  SO)*   .   .   Hydra  phenylac  bisnlphate. 

342.  Ag;  ZHyCH*;  (SO)*   .   .   Aigenta  phenylac  bisulpbate* 

343.  CI;  ZH,CfH^  (SO)*   .    .   Chlora  phenylac  bisulpbate. 

344.  (ZH*ZnY;  SK)^  .   .   .   .   Zincamen  sulphonite. 

Ammonio-hyposulphite  of  zinc-oxide  m  NH*  +  ZnO,S*0',  Gmelin, 
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345- { 


zn,rH* ;  S'0*1  Phenykc  solphenete  cum 

C«H';S"0*j  *   '      phenyla  sdphenete. 

Gerhardt's  muue  and  fornmla  for  ibis  salt  are — 
Axotore  of  disulphopbenyle  and  of  hydrogen   =  K|  CH*S0* 

This  .<a1t  is  procored  inm  No.  34a  by  a  reaction  which  I  liave  de- 
scribed at  page  171. 

The  Cyanides. 

The  constitution  of  cyanogen  and  the  cyanides  has  been  already  dis- 
coased,  first  in  the  inveBtigatioa  of  the  "  aeeqaiooddeB,"  at  pages  38  to 
43,  and  secondly  in  the  article  on  the  **  nitriks,*'  at  pages  317  to  221, 
A  third  discosaiGn  will  be  foond  in  the  inquiry  into  the  nature  of  the 
salts  of  aniline,"  beginning  with  No.  62  in  that  seiies,  and  another  in 
the  artide  on  "Uiea."  There  remain  only  a  few  particulars  which 
reqtiire  illustration  nnder  thia  head,  the  most  important  of  which  is, 
perhaps,  nomenclature. 

346.  HOy    .  .  .  Hydni  c\  ana. 

347.  KCy    .  .  ,  Potassa  cjana. 

348.  AgCy  .  .  .  Argenta  cj-ana. 

349.  FeCy  .  .  .  Feirous  cyana. 

350.  FecCy.  .  .  Fenrie  cyana. 

351.  AnCy  .  .  .  Aurooa  cyana. 
332.  AucCy  .  .  Auric  cyana. 

353.  7Al\Cy    .   .  Ammona  <^at)a. 

354.  ZH*,Cy    .    .  Amida  cyana. 

355.  ZH"Pt,rv'  Platousam  cyana. 

356.  ZH*((7H*)*,Cy  Benzylem  cyana, 

357.  A«5CH°,Cy    .  Car<  Mlvla  cysina. 

358.  CH^Cy    .    .  Mi'tiiyla  ryana. 

359.  ZH,CH";Cy.  j\I«.'thylac  cyana. 

360.  C*H",Cv  .    .  Ann  la  cyana, 

361.  ZH,eH"  ;  Cy  Amy  lac  cyana. 

362.  CH*,Cy   .    .  Phenyla  cyana. 

363.  ZH,CTi* ;  Cy  Pheuylac  cyana. 
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364.  ZH,(7H' ;  Cy    Toluenylac  cyana. 

365.  Z(CriP)*:  Cv     Ethvlec  cvana. 

366.  Z^C'U'SO'U'^GyAmjrlic-pheDylaccyaiia. 


Double  Cr  asides. 


367.  HFecCy*  . 

368.  KFecCy*  . 

369.  HAc^y*  . 

370.  KA^Cy*  . 

371.  HCocCy*  . 

372.  AgCocCy" 

373.  HCrcCy*  . 

374.  FeFecCy*. 
ZH»,C^H' 
ZH  ,001' 
ZH*,C»H" 
ZH  ,C?»H" 


375- 
375. 


Hydra  feiTic  cyanen. 
l\)tassa  ferric  cvanen, 
Hvdra  arcrenta  cyanen. 
Pot'issa  argonta  cyanen* 
Ilvdni  coltaltic  cyanen. 
Argcnta  cubaltic  cyanen. 
Hydra  chromic  cyanen. 
Ferrous  ferric  cyanen. 

^IxoloeDylam  toiaenylac  cyman. 
^>;}Camenylam  comenylac  cyanen. 


377-  {zH  |c*^  i  pbeuylac  cyaoen. 


Triple  Cyanides. 


378. 

379. 

380. 

381. 
382. 

384. 


HHFoCy"     .  , 

KKFoCv*     .  . 

FecFocF(C\»  . 

CuOiiF.'Cy-*"  .  . 

(JncCucFcCv'  . 
C=^H\(:^iI\Fe,Cy* 

ZnZuliACy*  .  . 


Hydren  feiTous  cyanine. 
Potassen  ferrous  cyanine. 
Ferrenic  ferrous  cvanino. 
Cuprenous  ferrous  cyiuiine. 
<^^i])rpinc  fprrous  cyanine. 
Ethvlt'i)  f<  rrous  cyanine. 
Zincen  baryta  cyanine. 


FOUEFOLD  CVANIDKB, 


385.  FeFecPCy*  . 

386.  KNaFcc^Gy*. 

387.  CaAg^Cv*  . 

388.  KAucTy*  . 


Ferrous  fenxnic  cyanone. 
Potassa  natra  ferrenic  cyanone. 
Cuprous  argentine  cyanone. 
Potassa  anrinic  cyanone. 


Cyaxides  in  dotjbt^e  salts. 


jZH.C'H* 
3°9-  ]z\{  W 

jZH,C'  H' 
39°* )  ZH  ,a  W 
ZH  ,C»»H' 


jZH  ,r'W;  Cv)  Naphtvlacci 
39^  •  \ZH  ,C"H' ;  H  j    lac  hydnu 


Cv\  PI  1011  viae  cyana  cum  phenylac 

H  f  hydra. 

Cy  ]  Toluenylac  cyana  cum  tolueny- 
H  J     lac  hydra. 

Cyl  Naphtylac  c^ana  com  naphty* 
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ZH,C*H*CI;  C\0  Chlorio-pbeiiYlac  cyana  cam 
ZH,CTi*a;  H  f    cWorio-pliHiylac  h)dm. 


Phenjiac  cyaua  cum  pheuylam  chlora. 


chlora. 

ZM         ;  Cv )  Naphtylac  cyana  cam  naptbtykc 


Usual  Kames  and  Fobmula  of  ths  CTAimm 

Single  Cyanides.— 346,  Hydrocyanic  add;  pnis>ic  acid  =  C^'SH 

«  HCy,  Gmelin,  347,  Cyanide  of  potassium  =  CWK,  Gmtlin,  348, 
Cyanide  of  silver  =  AgCy,  QmUn,  349,  Piotocjanide  of  iron;  ferrons 
cyanide;  fenocjaneisen ;  eisencyanur  =  CfN*FeP  or  FeCy,  Gmdin, 
^  50,  Sesqaicyanide  of  iron ;  ferric  cyanide ;  eisencyanid  s  G^K'FeP 

=  FeWy*,  GmsUn,  See  page  30  in  this  work.  351,  Protocyaiiide  of 
gold  ;  nuroas  cyanide  =  AaCyi  Gmelin.  353,  Texcyanide  of  gold;  aoric 
cyanide  =  AuCy*,  Gmelin,  353,  Cvanide  of  ammonium  ;  hydrocyanate 
of  ammonia  =  NH^Cy  =  Mii^HCy  =  C*N(NH*),  Gmelin,  3 54,  Cy- 
auamidc.  (»r  azoture  v 4  (  vanogon  aud  hydrogen  =  CH'N*  =  N(CN,H,H), 
Grerhardt.     355,   see   Platinum,  49].     35^,   rnnanud  substance 

=  CH'^N*,  Jvobsouj  Quarterly  Journal  Chemical  Soclcfy,  iv.  228 ; 
who  supposed  it  to  U-  ))en/.hy(lramide  (see  No.  200).  357,  Cvanide  of 
cacodyle  =  CNAsH"  =  C'ArH»,C"NH,  Gmelin.     358,  Acotouitnle 

as  C*H*C*N;  cyanide  of  methyl,  llofmann.  359,  Mettiyl-cyanamide,  or 
cyanic  methylamide  =  C^^N*  a  N(CH*,Cy,H),  Oerhardt.  360,  Cya- 
nide of  amyle;  caproDitrile;  cyanhydiamitic  ether;  cyanmyIalersC*^H" 

=  C'H'^fC^NH,  Gm^n*   361,  Amyl-cyanamtde,  or  cyanic  amylamide 

=  CH'^  =  N(C*H",Cy,H),  Gerhardf.  362,  Benzonitrile ;  cyanide 
of  })hcnvlo  =  C'*H*N,  OerhunI*.    363,  Phenyl-cyanamide ;  cvananilide 

=  =  N(C*H^Cy,H),  Gerhirdt.    See  Aniline,  62].  '364,  To- 

luvl-cvanaraide  =  C«H*N*  =  Nrcni-,Cv,n),  Gerhardf.  365,  Diethvl- 
cyanamide  =  C»H"»N*  =  N(C«H%(:m%Cy),  Gerhardt.  366,  see  Ani- 
line,  No.  83]. 

Dorm.K  Cyanides. — 367,  Hydroferricyanic  acid;  lerriprussic  acid; 
red  ferruprussic  acid  ;  tcr-hydrocyanate  of  ferric  oxide  =  CN'H*,CN*Fe' 
=  3HCy,Fe*Cy*,  Gmelin,  368,  1' \i ricyaiiidu  of  potassium;  rc-d  I'erro- 
cyanide  of  potassium ;  red  prussiate  of  potash ;  red  ferroprussiate  of 
potash  «  3KCy,F€«y  s  (?N^,C3WF^,  QmOm.  See  page  40  of 
this  work.  3^,  Arg^topmssic  acid  =  HCy,AgCy,  Gmdin,  370,  Ar- 
gentoeyanide  of  potassium  s  KCy,AgCy,  (Tms^.  371,  Hydrooobaltid 
cyanic  acid  =  CWH".CX'Co«  =  3HCy,C6H:v',  Gmelin.  372,  Gobaltid- 
cyanide  of  silver  =  CN»Ag»,CK^Ca«  -  3A  Cv.Cr.Tv^  Om.Jln.  373, 
Hydrochiomidcyaoic  acid  =  3HCy,Cr^y»  m  C'lJiW,C"NW,  QmeUn. 
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374,  Pra.^sian  V.lue ;  Turnbull's  Pnusiaii  bloe  =  C*NW,ra*Fe» 
=  3FeCy,Fe*Cy^  Qmdm,  See  page  41.  375,  Cvnnotoluidine 
=  0>',C»*H"N,  Hofmam,  376,  Cyanocumidinc  =  Cy^C'^H '^N,  Hof- 
imnn.  377,  Cynniline  -  rwC'TFN.  Ste  Aniline,  84],  wliere  the 
imsnn  for  doubling  tiie  ibrmuias  of  the  salts  375,  376,  and  377,  is 
given. 

Triple  Ctanideb, — 378 »  Hydiofenocyanic  add;  ferroprossic  add; 
fermretted  chyadc  add  =  2HCy,F€<^  -  CWFeH*,  GmOm.  379, 
Yellow  pruss'.it  of  [)otasli ;  ferrocyanide  of  potassium  ;  ferropnissiate  of 
ix>tash  =  K*FeCy»  =  CN"FeK«,  Qmdin.  380,  Oidinary  Prussian  blue 
(not  Turnbull's;  see  No.  374,  and  refer  to  page  40)  =  CN'Fe*, 
2C*'N^Fo*  =  3F('ny,2F(''Cv',  Gvielin,  381,  Cnprous  ftrrocvanide 
=  CVFeCv',  Gnieiiii,  382,  Cupric  ferrocyanide  =  Cu*FeCy* 
=  C'N'FoCu'.  GmeUn,  383,  Ferrocyanide  of  ethyl  =  (C^WyVeCy* 
=  CN^FtAe*,  Gmdin.  384,  Cyanide  of  zinc  and  barium  =  BaCj', 
2ZnCy,  Gmeliru 

POUTTFOLD  Cyanidhs. — 385,  Prussian  green;  green  cyanide  of  iron 
ss  C!S'Fe*,3CN^Fo*,  Gmefin.  386,  Double  salt,  red  prussiate  of  potash 
and  iwxlii  =  K^Njr*!' c^N'^C*  =  C^XT^K^Nni  Laurent.     387,  Ciipro- 
cy;mi(le  of  silver  =  3Ag<>,rii«Cy,  Gmeiin,    388,  Auhdcyanide  of  po- 
tassium s  KCy,AaCy%  Gmim, 

Cyakihes  in  Double  SALia*— 369«  MetonUine,  aee  Anilizid^  63]. 
390.  Metoluidine  «  C^H*'N*,  W.  TrSCioii.    391,  Menaphthalamine 

These  three  compotuda  bare  avidently  a  corresponding  structure. 
Hence,  the  criticism  given  in  the  note  to  Aniline,  63]  may  be  held  to 
a]>ply  to  the  whole  of  them.  392,  see  Aniline,  71I.  ^g^^  see  Aniline, 
64].  394,  Hvdrn(  hl<.rat<3  of  metoluidine  =  C**H'^N^,HC1.  395,  Hy- 
drochkuate  ot  menaphthalamine  =  C^H'^N^HCl,  Bofvuim. 

The  theory,  according  to  which  I  have  fommlated  and  named  tlie 
cyanides,  does  not  require  the  assistance  of  any  hypothetical  secondary 
radicals,  such  as  oobalticyanogcn,  chramicyanogen,  platiiNxryanogen, 
ferrocyanogen,  ferricyanogen,  &o.  But  It  nqnireB  the  acceptance  of  the 
theory  of  baaylooa  and  basylic  atoms,  aa  it  ia  deBcribed  at  pagea  33  to 
43.  The  ordinaiy  tbeofy,  even  with  the  aid  of  smnenms  secondary 
ladioals,  provides  the  cytiudee  with  formula  which  are  much  more  goid* 
plicated  than  tboae  that  m  provided  by  the  radical  tbeory. 
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396.  BfiftS^  •  . 

397.  K,Cy,S«  .  • 

398.  ZH%Cy,S«  . 

399.  OafiyS*.  . 

400.  Cuc,Cy,S«  . 

401.  Hg.C3r,S«  . 
40a.  Pt,C5r,S^,  • 

403.  Bic,Cy,S«  . 

404.  CH*,Cy,S«  . 

405.  OT,Cv,S«  . 

406.  ZH^Zn,Cy,S« 

407.  ZIPPt,Cv,S« 

408.  ZH»,C«H* ;  Cy  ; 

409.  ZH«(C»H*)*,Cy,S 

410.  ZH»,eH' ;  Cv ; 

411.  Cu,Cuc,cys* 

41a.  K,Ag,Cy«,S* 

413.  H,Pt,cys*  . 

414.  K,Pt,Cv',Sl . 

415.  Ag,Pt,Cy«,g* 

416.  ZH*,Cv^,S*  . 

417.  zh>k;cv»,s* 

418.  ZH»Ag,Cv»,S* 

419.  K,Hg',Cy\8« 

420.  H,Ptc^c>^s« 

421.  zH^ptc^cv^s 

422.  K,Ptc«,Cv';S« 

423.  Ag,Ptc^Cy^8• 

424.  Hg,Ptc«,Cy»,S« 

425.  FfsPtc*,Cy»S« 

426.  H»,Cv,S*.  • 

427.  H,ZH*,Cy.S» 

428.  H,Cy.S»  .  . 


Hydn  cyana  sulphene. 
PotMM  cjrana  solplieDe. 
Aimnona  cyana  salpbene. 
Goproiia  cyana  8vil{wiene« 
Capric  <7aiia  solpheiie. 
Mercorovis  cyana  aulpbcng. 
Platooa  qrana  sulphoie. 
Bismic  cjaoSL  sulphene. 
Kthyla  cyana  anlphene. 
Methyla  cyana  aolpheoe. 
Zincam  qrana  anlphene. 
Platoasam  cytm  sulphene. 
Phenylam  cyana  aolphena 
Phenylem  cyana  sulphene. 
S*  Allylam  cyana  sulphene. 

Capions  copric  cyanen  aalphone.  * 
Potassa  argenta  cynam  aalphone. 
Hydra  platous  cyanen  snlphone. 
Potassa  platooa  cyanen  sulphene. 
Argenta  platous  cyanen  sulphene. 
Ammona  cyanine  sulpbone. 
Potassam  cyanine  sulphone. 
Argentam  cyanine  sulphone. 
Potassa  merenous  cyanine  siilphade. 
Hydi*a  platenic  cyanine  sulphade. 
Ammona  platenic  cyanine  suljjliadc. 
Potassa  platenic  cyanine  sulphade. 
Argenta  platenic  cyanine  sulphade. 
Mercurous  platenic  cyanine  sul])hade. 
I'V'rrous  ]3latenic  cyanine  sulphade. 
Hydren  cyana  sulphine. 
Hydni  ammona  cyana  sulphine. 
Hydra  cyana  sulphine. 


Usual  Names  and  Fobmujub. 

^  IH,Cy,fiP     a  Hydra  (^ana  anlphene. 

\HS  4*  CyS  a  Hydia  snlpha  cum  cyana  snli^ 

This  is  the  C(»ni})ound  commonly  called  hydro-sulpho-cyanic  acid,  and 
which  is  regardtni  by  most  chemists  as  a  compoimd  of  hydrogen  with  a 
hypothetical  radical  called  sulpho-cyanogen  H  4-  CyS^.  I  do  not  believe 
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in  ihe  existence  of  sulpho-cyanogen ;  and  I  oonsider  ibeee  oompoimda  to 

be  double  sulphides,  containii.^  Milphido  of  cyanogen  in  oombination  widi 
a  sulphide  of  another  radical  =  U'S  +  CyS. 

397,  Sidpho-cyanide  of  potassium  =  K,NC*S*  or  K^Scy,  Miller, 
=  CNK,8*,  Gmdin.  398,  Sulplio-cyanidc  of  ammonium  =  NH% 
C'NHS*,  Gm'A'm.  399,  Cuprous  sulpho-cviinide  =  C*NCu*,S*,  Gmelin. 
400,  Ciipric  sulplio-rvanido  =  CXOuS*,  Gmelin.  See  No.  411.  401, 
'MtTciirous  sulplio-cyaiiidi'  =  C*NHtr*S*,  Gmelin.  402,  I*n)t<)sulpho- 
cyanide  t»f  platinum  =  PtCyS*,  linrkfnu.  403,  Sulj)h(>cyanide  of  bis- 
muth =  C^N^BiS*,  Gmdin.  The  trijile  quantities  of  cyanogen  and 
sulphur  are  to  accommodate  the  triple  (basylous)  atom  of  bismuth.  Of 
ooorse,  if  the  basylic  atom  is  accepted,  the  triplication  of  the  formula  is 
needless.  404,  Sulpho-cj^ide  of  ethyl,  or  hj^dro^lpho-cyanic  ether 
=  OWNS"  =  C»H*.C"NH8«  «  C*H*S,C«NS,  QmeUn.  405,  Sulpho- 
cyanide  of  meUiyl  «  CH«S,C«NS  =  C'H»,C*NS»,  Gmelin.  406,  Am- 
xnoDtSr^nlpho-cyaiude  of  sine  =  NH^C'NZnS',  QmeUn,  Similar  salts 
are  fecmed  by  ammonams  oontainincr  cadininm,  roy)p(.T,  &c.  407,  Sul- 
pho-cyanide  of  plat<is-ammonium  =  PtH^NCyS",  liucJdon.  408,  Hydro- 
sulplio  ryanate  of  aniline  =  ( ''*1FN,HC*NS*,  Hofvmnn.  409,  Sulpho- 
carbaiiilidc,  ov  ani!fHsulplio-carl)amidp  =  C'*H'N,CS,  Ilofmann.  Diphe- 
nyl-sulpbocarbamide,  or  diazoture  of  diphenyle  aud  of  sulpho-carbouyle 

f  CS 

=  m  (cW  GerhardL 
410^  Thiosinamine»  or  sulphuretted  diallykirea  «  C*H"N% 


f  CS 
=  NVC'H», 


Gerhardt, 


411,  Cuproso-cupric  sulpho-cvanido,  or  Kupfer-rhodannr-rhodanid 
=  C*N«CVS*  =  CNCu'S^^^iNCiisS  Gmelin.  412,  Suipho-cyanide  of 
silver  and  |)otassium  =  C*NKS*,C*NAgS*,  Gmelin. 

41^,  Hydro-) ilatin(>-l)isulpho-cyanic  acid  =  HPt2(CyS*),  Buckton. 
414,  riatinu-bi>ulph(j-cyanide  of  potijssium  =  KPtC*N\S*  or  KPt  2 (CyS'), 
Buckton,  415,  Platino-bisulpho-cyanide  of  silver  =  AgPt2(CyS*), 
BudUm,   4 1 6,  Sulpho-mollonic  add  »  GWK^S* 

^  s;jCy«  ^  H|h 

N  \  H*        I      f  Cv,  Gerhardt,    In  other  places  he  writes  the  for- 

muhr  =  C'H*N*S*  =  (NCyIP,2CyHS«).  417  and  418  arc  sulpho- 
mellonates  or  salts  of  the    acid,"  Iso.  416.    h  I  reckon  this  acid  as  a 
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stlt  of  ammonittm  (the  acids'*  of  organic  chemists  are  freqa^tly 
nentral  salts  of  ammonimn),  then  llie  salts  417  and  418  differ  from  the 
add  416,  in  containing  ammonama  instead  of  normal  ammonium*  In 
417  it  is  potassam  ZH*K;  in  418  it  is  argentam  ZH'Ag;  bat  other 
nits  are  known  which  contain  the  radicals  ZIPKa,ZiPBa,Z£PSry 
ZH^Ga^IPMg,  &C.  419,  Sulpbo-cvanide  of  mercury  and  potassium 
s  G^NKS'.aCNHgS*,  QnuiUn.  420,  Hydropktino-terBulphocyanic 
acid  =  H,Pt  3C)rS*y  Buckton^  421,  Platano-tersolphocyanide  of  ammo- 
nium =  li^H^Pt  xCy&,  BucMon.  42  2,  Platino-tersulphocyanide  of  po- 
tusimn  ^  KPtCN*S%  or  KPtjCy^,  BuMm,  42  3 ,  Platino-tersolpho- 
cjanide  of  silver  «  Ag,Pt  3(^8*),  Buckton.  424,  Subplatino-t^sul- 
phocyanide  of  mercory  =  HgYt3(CyS*),  Bud^tm*  425,  Platino-ter- 
n]pbocyanide  of  iron  s  FePt  ^CyS\  Buddm, 

426,  H*GyS",  or  according  to  the  analytical  formula  HS  +  HS  + 
This  componnd  sa ms  to  throw  discredit  upon  the  theory  which 

assumes  the  existence  of  sulphocyanogen ;  ibr  we  have  here  a  com- 
biliation  of  tbree*6ulphides,  which  view  is  corroborated  by  the  coriNtitii- 
tion  of  the  next  salt  in  the  list,  No.  427,  which  contains  HS  +  ZH*8 
•f  CyS.  The  salt  No.  426  lias  given  theoretical  chemists  a  gront  deal 
of  trouble.  Gmelin  cills  it  Ifydrothio-sulpbopmssic  arid,  and  trivos  it 
all  these  formulae:  eNH*S*'=  C«NH,8*HS  =  (^'=AdS,S=^  =  C*AdS* 
+2CS«.  He  also  quotes  the  following :  C*NHS%HS,  Zeke,  C*NHS« 
+  US,  Berzdim,  in  which  formula  C'NH  represents  a  peculiar  radical, 
Vrm.    CAdS.S*,  iMurtfU, 

427,  Hydrotliio-sulphopmssiafo  of  ammonia,  or  hydrothio-cyanide  of 
ammonium  KH\C'NH'S"  =  CNH(NU«)S',  GmeUn.  See  preceding 
note. 

428,  HvdropfTsnlphocvfinic  acid,  or  sulphurotto<l  hvdrosulphocvanic 
acid  ^  r^NHS^*  =  C*Nlib^S  =  H,C*NS^  =  CN^H^8•  =  C*NAdS« 
+  2C>*j  Gmelin,  Hero  is  another  cmnjxAind  which,  in  the  relations  of 
Cv  to  S,  does  not  agree  with  the  sulplioevanogen  theory.  This,  how- 
ever, is  one  of  those  cuni pounds  with  multiple  atoms  of  sulphur,  the 
fiatore  of  which  I  do  not  understand. 


Digitized  by  Q()  ^^i-.- 


(   250  ) 


The  Cyaaiates. 


429.  H,    C7O  •  ,  •  Hjdza  Gjranate. 

43a  Ag,  C^O  •  •  «  Aigenta  cyanBte. 

431.  CH»,  CyO  .  .  ,  Methyla  (Tanate. 

43a.  ^''H*,  CvO  ,  .  .  Ethvla  cyanate. 

433.  (  H  ',r\o  .  ,  ,  Amyla  cyanate. 

434.  C*H\  CyO  •  «  ,  Phenyla  cyanate. 

435.  ZU%  CyO  .  •  .  Aminoiia  cyanate. 

The  cyaiiateBaieaalts  that  are  formed  on  ilu»  model  of  w 

or  Qyf^j  where      signifies  one  replaceable  positive  radical,  O  =  16, 

and  Oy  =  (C  =  1 2  and  N  =  1 4).  ThejT  aie  oonaeqiUDtlj  equal  to  simple 
cyaiudeB  j^ua  one  atom  o£  ozyg^ 


429.  Cyanic  add  «  CyO^O,  Qerhardt,  or  H0,(7N0,  3Iilkr. 

43a  Cyanide  of  aflver,  or  argentic  carbonimide  «  n|  Gerhardt, 

431.  Methyl-cyanic  ether  =  CTi"0,CNO,  Miller. 

Cyanate  of  methyle ;  methyl- 

carbonimide  ;  orazotnro  of  s  C(CH*)NO  «  N<pTT» ; 
methyle  and  of  carbonyle  ^ 


Usual  NAMt^  and  Formul.i:. 


433.  Amyl^Kgranic  ether  -  C>"H"0,C^'0,  MUkr. 


434.  Anilocyanic  acid,  Hofniann.    i:>ee  Aniline,  95J. 


Cyanate  of  phenyle ;  phenyl- 

carbonimide;  or  azoture  of  »C(C^H*)NO  ™  N 
phenyle  and  of  carbonyle 
— GerhanU. 
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435.  Cvanatc  of  ammouLa.  A  i'uil  investigation  of  this  compound  is 
given  under  the  head  of  **  Tiie  Urea  The<^rv.' 

A  vai  ioty  of  complex  cyanates  oic  described  under  **  Aniline,"  Nos. 
89]  to  99 J. 

The  Nitrates. 

The  formnk  nsoally  given  to  a  Nitrate  b  MO»NO*,  where  O  «  6. 
Doobling  the  atomic  weiglit  of  the  oxygen,  these  proportions  ghre  QS 
ancdytical^^  MO     NOO;  and  synopticaUy,  M^NO*. 

As  the  nitrates  have  not  ftfmed  the  subject  of  conflicting  cUacQflskm 
among  chemists,  in  consequence  of  the  scarcity  of  their  add  salts  and 
doable  salts,  I  shall  trouble  the  reader  with  oolja  few  notea  and  queries 
respecting  them. 

435.  I1,N0*  a  Hydra  nitrite.   Usual  UHuet  hvdrated  nitric  add  » 

H0.NO». 

437.  K^NO*  =  Potassa  nitrite*  Usual  name,  nitrate  of  potash  ^ 
KO.NO*.  The  diange  in  the  name  fiom  nitrate  to  nitrite  is  rather 
unlucky,  as  there  Is,  on  the  ordinary  theoiji  another  dass  of  salts  called 
nitrites ;  but  the  duinge  is  unavoidable  in  canying  out  a  systematic 

IW01Ctlci:lt7irO. 

438.  I'bJNO".   Plumba  nitrite.   [  =  Neutral  nitrate  of  lead.] 
^39-  \     or  P&NO*      f  ^lo^^e  mtiot». 

440-  \    or  Pb«H  NO    I  nitrote, 

441. 

These  sub-salts  correspond  in  their  construction  with  the  thiee  varieties 
of  phosphates.  They  mtve  not  the  pormanency  nor  the  properties  of 
thepho^hates;  but  they  resemble  them  in  ^eir  proximate  constitution 
thdr  atomic  structure. 


Phosphates,  Nitrates. 

Munol^asic   .    .      Pb  P  0»  PbNO» 

Terbasic  \  ^*  ^^'^ 

leroasic  .   .   .  \Pb*HPO*  Pb*HNO* 

Bibasic    .    .    .  PbT^Cy 
S€e  the  Artide  on  the  Gbnstitntion  of  the  Phosphates,  pp.  138-143. 

442.  CIP,^^      .    ,    •    Moth  via  nitrite. 

443.  ZIP, OTP;  NO".    .    Mothyiam  nitrite, 

444.  C*H^NO*    .    .    .    Ethyls  nitrite. 
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445.  Z((?H»y ;  N0» .  .  Ethvlom  nitrite. 

446.  eH"^CP  .   .  .  Amyla  nitrite. 

447.  Z(C»H»»)*;  NO^  .  AmyJom  nitrite. 

448.  CH'^NC    .    .  .  Phenyla  nitrite. 

449.  ZH",CrH*;  NO*  .  Pbenylam  nitrite. 

Tiie  salts  442  to  449  are  examples  urnitnitcs  liavin^  as  l>asic  radical, 
either  a  com|)ound  radical,  ur  a  vice  arnmouiuin  conLauiing  une  or  more 
atoms  of  a  compound  radical. 

Usual  Names.— 443,  Metbylic  nitrate.  443,  Nitrate  of  methyla* 
mine.  444,  Nitzate  of  etbyle.  44^,  Nitrate  of  tetrethylammocium. 
446,  Nitrate  of  amyle.  447,  Nitrate  ot  tetnimylammonium.  448,  Nitro- 
phenie  acid,  or  nitrophenole.  449,  Nitrate  of  aniline.  As  these  salts 
are  cited  bene  simply  as  examples  of  nitrates,  I  say  nothing  about  thor 
bases,  which  are  explained  in  other  sections. 

450.  Zff.CW;  CyO  +  H  N0»   Pbenylam  cyanate  cum  hydm 

nitrite. 

451.  ZIP,C*IP;  CyO  +  AgNO*  Pbenylam  c>'anate  cum  argents 

nitrite. 

Usual  Names. — 450,  Nitrate  of  carbanilamide.  451,  Nitrate  of 
silveroxide  carbaoiiamidc.  Cited  as  examples  of  nitrates  in  combination 
with  salts  containing  a  different  add. 

Ar.i:  TUB  FOLLOWING  SALTS  TO  BE  CONSIDEEED  AS  DoUBLE  NI- 
TRATES ? 

452.  (7H,N0*  4-  H,      Ka"  Chr)'8y]a  hydra  bimtrite. 

453.  C7H,Nu'  -f  k',       NO*  ChrvsVla  potassfi  hinitrito. 

454.  CyH.N0"4-  PI),      NO*  Chrvbala  plmnla  liinitrite. 

455.  C'HjNO*  -f  Pb*H,  NO*  Chrys)  ia  uiUito  cum  plumben  hydra 

nitrote. 

456.  C^.NO^  +  ZH\    NO^  Chrysyla  ammona  binitrite. 

457.  (TH.NO*  +  ZH*.   NO^  Chrysyla  nitrite  cum  amida  nitrete. 

458.  Cm,NO*  +  ZH*Ba,NO^  Chrysyla  barytam  binitrite. 

USDAL  NaheB.— 452,  Chrysammic  acid  a  C"H^NO*)*0\  453, 
Chrysammate  of  potash  »  C**HK(NO*)K)*.  454,  ChryBammate  of  leKl 
a  C'*HP(NO*)K)*.  455,  Sub-chrvsammate  oSt lead  « C**HPb(NO)W, 
PbO,HO.  456,  Chrysamidic  acid  «  C»*H*(NO»)«NO»,  457,  Chry- 
samide  =  C'*H»(NO*)"NO».  458,  Chr>'samidate  of  barytes  =  C"H*Ba 
(N0*)*XO\    These  names  and  formulae  are  by  Gerhardt. 

The  salt  No.  456  appears  to  be  the  neutral  salt  of  ammonia  corre- 
sponding to  the  aciil,  No.  452,  and  to  the  pof  isli  j;alt,  No.  453  :  and 
the  oxistonco  of  the  corresponding  amide,  No.  457,  seems  to  ]>r'>ve  the 
truth  of  til  is  nl^.x.  But  it  was  found  that  the  salt.  No.  456,  could 
exdiaoge  B}  for  Ba',  and  produce  the  salt  No.  458 ;  and  for  this 
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ittson  alone,  the  neutral  salt,  No.  456,  was  called  an  acid."  Thid 
muddle,  as  in  many  siniiliir  cases,  has  arisen  from  a  mlsconoeption  of  the 
character  of  the  radical  (ZH^Ba).  These  metallic  vice-ainmoniums  have 
not  hitherto  been  recognised  by  chemists ;  but  I  trust  that  the  evidenre 
which  I  shall  bring  together  in  the  articles  on  Indigo  and  Platinum  will 
prove  to  chemists  their  existence  and  importance.  See  also  plages  137 
and  193. 

4y^.  C-W  ;  Bi  ;  (N0»)«  or  C*H\NO»  +  hiSO'  Ethvla  bismous 
binitrite. 

Nitrate  of  bismuthethjle  =  CH*Bi,(/,2^0',  Gerhardt, 

^  j  ZH,  (?H»;  N<y  \  Phenylac  nitrite  cmn  argentic-phenyW 
\  Z  Ag,CTI» ;  NO*  (  nitrite. 

binidtxliphenamate  of  silver  =  C^H»'Ag(NO*)«N*0*,  Gtrhardt. 
There  are  various  salts  having  the  same  formula  as  460,  with  Ag 

eichaiigeil  for  another  radical. 

Anhydrous  Nitiuo  Acid. — The  aiiliydrous  nitric  acid  is  derived  from 
the  decomjxjsitiun  of  two  at(;iiis  of  tlie  hydiated  acid,  thus; 

HO,NOO  1  _  J  MO   ,      NOO 1      „  irn  -l  N  NO* 


The  Kitxites. 

The  terms  nitrons  acid,  hyponitrous  acid,  and  hyponitric  acid  are  used 
by  chemists  with  a  |M  rj»lexing  vagueness.  There  is  but  one  kind  of 
salt,  though  wo  have  three  kinds  of  name  for  it.  Nitrites  agree  with 
Nitrates  in  having  tlie  same  positive  and  negative  radic;ds,  but  Nitrites 
h.ivr  only  two-thinls  of  the  quantity  of  oxvi^en  which  is  necessary  to 
constitute  Nitrates.  If  Nitrates  have  the  lormiila  HO,N()*,  Nitrites  re- 
quire the  fonnula  HO,NO'.  According  to  tlie  radical  theor)',  these  salts 
are  distinguished  thus  i-^ 

Nitrate  of  potash  =  KNO"  -  Poiassa  nitrite. 
Nitrite  of  potash  =  KNO*  =  Potassa  nitrete. 

The  following  examples  of  Nitrit(!S  nearly  all  contain  debateable 
"  hases,'"  so  that  the  usual  formula  of  the  salts  diBer  entirely  from  those 
that  are  given  here.  I  refer  the  reader,  in  those  cases  which  aiv  im- 
portant, to  the  sections  in  which  the  evidence  respecting  the  nature  of 
the  bases  is  investigated* 

461.  ZH,C?H*;NO"    .    .    Ethylac  nitrete. 

462.  ZZn,C*H*;  NO*  .    .    Zinc-ethylac  nitrete. 
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463.  ZZu«(C^H')*;  NO*  .  Zincen-ethylem  nitrete. 

464.  ZH,CH^  NO"     .  •  Mfthylac  nitreto. 

465.  ZZn,CH^;  KG*    .  .  Zinc-metbylac  nitrpto. 

466.  ZZiiXCH*)";  NO*  •  Zinccn-methvlom  nitrete. 

467.  ZH^CW;  NO*     .  .  Toluenylac  nitrete. 

468.  ZH,C'W;  NO*   .  .  NaphtTlnc  Ditrete. 

469.  ZH,CW;  NO*    .  .  Phenyiac  uitrete. 

J ZiI,C ii' ;  NO*)  PhenjUtc  nitrete  cum  hydra 

^'^'t  H       jCyOf  •  €yaiuite. 

47 1 .  Z,G*H*,(7IP ;  NO^  .  Ethylio-f^enylac  nitrete. 

473.  ZH*,C7H*;  NO^  .  ,  Benzylamnitrete. 

JZH',(7H' ;  NO*l  Benzylam  nitrete  big  hydn 

473-  1       (H;(:l)«f  *  chlora. 

^  ^    I  ZH»,ai  P ;  NO*  i  Benzj'Iam  nitrete  bis  hydia 

474-  j      (H;SO*/f  '  solphete. 

Usual  Names  and  Fobmuu  Nos.  461  to  466.  Eiamples  of 
Professor  Fianldsnd's  Dinitroethyktes  and  Dinitromethylates.  See 
th  -  r  fions  in  the  article  on  Conjugated  Acids.  467,  Nim)tohiidine 
=  C'*H«(NO*)N,  GerhartU.  468,  Niironapht>'lamine  =  C«'H»(NO*)N, 
Gerhardt,  469,  Nitraniline.  See  Anihne,  No.  54].  470,  Carbamide 
— nitrocarbaniHde.  Sec  Aniline,  No.  58].  A  variety  of  double  s;ilts, 
containing  No.  469  as  a  constituent,  are  dosftibt'd  in  the  article 
**  Aniline,"  between  Nos.  54]  and  61].  It  is  nnportant  to  observe  that 
I  consider  No.  461  =  ZH,C*H*;  NO*  as  the  same  kind  of  salt  with 
No.  469  =  ZHjC'H* ;  NO*.  UiK>n  aim p-iring  this  view  vvitli  the  dicoried 
of  Frankland  and  Hofmann  respective!) ,  very  curious  divergencies  in  the 
mode  of  aoootmting  for  fiicts  ivill  be  seen.  47 1 ,  Ethyl-nitraniline 


C'«H'»N*0*  -  C'*^  NO* 

C*H» 


N.  Bqfmatm, 


472,  Biamidobenzoic  acid  =  C»*H*(NH*)*0*,  Voit.  473,  Hydn>. 
chlorate  of  biamidobenzoic  acid  =  C'*HXNH»)«0*,2HC1,  Voit  474, 
Sulphate  of  biamidobenzoic  acid  =  r'*IP(NH«)«0*,8«H«0*,  Voit.  Tn 
Nos,  472  to  474  **  it  is  remarkable  that  biamidobenzoic  acid  does  not 
comi>nie  witli  l«>es,  but  forms  wt.H-cr}'Stallized  salts  with  acids,  wlu- no*; 
the  name  of  acid  is  nut  very  appropriate  for  it,"  Voit.  See  his  Mt  moir, 
Quarterly  Journal  Cfumiical  Society ^  ix.  271.  It  soems  to  me,  Uiut  cui 
*•  acid  "  with  such  properties  might  be  conveniently  classed  with  sul- 
phate of  potash,  which,  on  these  groonds,  has  an  equal  right  to  be  called 
an  **add.**  llie  biamidobenxotc  add  will  be  refeired  to  more  per- 
tinilarly  in  another  section. 
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The  Oxides  and  Hydrates  of  Nitrogen. 

The  fomnils  of  the  oxides  and  hydfated  oKides  of  nitrogenaie  usually 
wntten  in  aooofdanoe  with  the  supposition  that  the  atomic  weights  of 
their  elements  are,  N  «s  14,  H  =  i,  O  »  8.  In  this  work,  the  atomic 
weighteof  these  ekmmU  an  fixed  at  N  14,  H  «  i»  O  e  16.  Thm 
piopartioDS  neoessafily  giv«  entirely  new  formaJs  to  the  oomponnds,  and 
it  seems  proper  to  g^ve  a  abort  general  notice  of  them,  to  prevent  mia- 
aDDralieDsioiL 

Oxides,  ,    (^oekespondino  Hyd&ates. 

475.  NO  9        Nitrate.  ' 

476.  NO*  =         Nitrete.  j 

477.  N,NO  =  Nitra  nitrate.  |  480.  H,NO  =  Hydra  nitrate. 

478.  N,NO»  =  Nitra  nitrite.    I  481.  H,NO*  =  Hydra  nitrete. 

479.  NiNC  =  Nitra  nitrate,  i  482.  HsNC  =  Hydra  nitrite. 

Acooiding  to  the  radical  theory,  all  the  compounds  firom  Ko.  477  to 
483  sfaoold  be  ooDsidered  as  salts. 

Usual  Najies  iin>  Fobhuljb. 

475,  NO  =  Nitrato. 

Nitric  oxide,  biuoxide  of  nitrogen,  deutoxide  of  nitrogen  =  NO*. 
Atomic  weight,  30 ;  specific  gravity  of  gas,  1 5 ;  atomic  measure,  2. 
Neutral  to  test  })ii|KTs. 

476,  NO*  =  Nitrete. 

Peroxide  of  nitrogen ;  hy|X)mtric  acid ;  sometimes  nitrous  acid 
=  NO*.  Atomic  weight,  46;  specific  gravity  of  gas,  23  ;  atomic  mea- 
sure, 2.    IwUdens  litmu^s. 

477,  N,rsO  =  Nitra  nitrate. 

Nitrous  oxide ;  protoxide  of  nitrogen  ;  laughing  gas  =  NO.  Atomic 
woiwiii,  bpecific  gravity  of  gas,  22;  atomic  measure,  2.  Neutral  to 
test  papers. 

478,  N,NO*  =  Nitra  nitrite. 

Nitrous  acid ;  sometimes  hyponitrous  acid ;  meaning,  of  course,  the 
anhydrous  acid  =  NO*.  Atomic  weight,  76 ;  specific  gravity  and 
atomic  measure  of  the  gas  not  yet  determined. 

479,  N,NO»  =  Nitra  nitrate. 

Anhydrous  nitric  acid  »  NO*.  Atcnnic  weight,  108;  specific  gravity 
and  atomic  measure  unknown. 

480,  H,NO  »  Hydra  nitrste. 
Unknown;  unrecognised;  unnamed. 

481,  H,NO^  ^  Hydra  nitrete. 
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AZOTIC  RADICALS  IN  SERIES. 


Hydrated  nitrous  acid  =  HO.NC.  Atomic  weight,  47.  This  is  the 
acid  which  corresponds  to  tli**  nitrites,  jNos.  461  to  474  in  this  series. 

482,  H,N(T     Hydra  nitrite. 

Hydrat<>d  nitric  acid  =  HO,NO*.  Atomic  weight,  63.  Tliis  is  the 
acid  alrteady  rofenrwl  to  at  No.  4^6  in  this  seri('S. 

I  have  included  amung  the  iiydiates  a  conijiouiid  (Nu.  480)  tliat  is 
not  recognised  by  chemists,  but  which  will,  in  all  prol^abihty,  be  dis- 
covered when  It  is  looked  iar.  It  is  the  compound  which  oonespoodB 
in  the  nitrogen  series  with  the  salt  USO  (  ^  hydra  sulphate  or  penta- 
thionic  add)  in  the  sulphur  series.  The  ooneeponding  uihydroos  oom- 
pcund  is  known  in  the  nitrogen,  though  not  known  in  an  isolated  state 
in  die  sulphur  series.  There  seems  to  be  no  reason  why  the  hydrati^l 
form  of  the  acid  should  not  exist  in  the  nitrogen  as  well  as  the  sulphur 
series.  The  following  equation  rqwesents  a  transformation  that  is,  d 
priorif  hy  no  means  improbable : 

No.  477  =  N,N01  _  JHNOl       Two  atoms  of 
Water    «  H,HOf      tHNOf  "     No.  480. 

I  am  not  pleading  tliat  this  compound  HNO  really  ( xists.  I  am  only 
.sliowiriLi;  that  the  rndiral  theory  indicates  its  possiidc  (  xistcnns  wiiich  is 
a  buliicient  rfjison  to  induce  m  to  look  for  it,  (specially  as  it  is  required 
to  complete  a  soiies. 

Azotic  Badicals  in  Series. 

Tlie  nejct  three  sections  contain  tlie  ''tees'*  that  are  usually  called 
Indigo,  Aniline,  and  Platinum.  In  these  sections  I  shall  show  a  rom- 
plptp  series  of  tlic  salts  of  these  "  bases,"  which  are  un(jtit\stionai)tv  throe 
ot  the  iiroat  "  (lilliciiltic^  *'  in  theoretical  cliemistrv.  1  liave  chosen  them 
as  exaiiipl<  s  1  «'(aii>«^  they  are  difficult;  I3ecau.se  I  wish  to  show  that  the 
Theory  and  tliu  Nuiuenclature  which  I  am  advocating,  do  not  give  way 
under  the  pressure  of  difficulties;  and  finally,  because  my  conclusions 
respecting  these  bases  are  so  different  from  those  of  chemists  in  general, 
that  the  results  of  the  investigation  may  be  taken  as  a  iair  example  of 
what  may  be  eaq)ected  ftom  the  application  of  the  proposed  radical 
theory  to  chemist^  in  general.  I  have,  in  regard  to  these  bases,  quoted 
the  arguments  fully  and  disaissed  them  freely ;  so  tliat  the  reader  will 
find  the  cases  stated  ready  for  his  judgment.  He  will  have  to  answer 
such  questions  as  these : — Are  the  Theory  and  Nomenclature  that  are 
propo.s<'<l  for  the  salts  (>i'  Indigo  Ijctter  or  worse  than  tli.»se  of  IJerzelius  ? 
Are  th(w»  propose^!  l<>r  the  salts  of  Aniline  Ix  tt.  r  or  worse  than  those 
of  Holniann ?  Are  those  pr-  piised  for  the  I'l.irimun  ba<es  better  or 
worse  than  those  of  Gru>,  aini  lieiset,  ami  Kat  u  skv,  aiid  Gerhardt? 

Of  course,  tlie  consideration  of  the  replies  pro|>er  to  be  made  to  these 
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questions,  involves  the  consideration  of  the  merit  of  the  leading  doctrines 
of  the  radical  theory  and  of  the  chemical  nomenclature,  which,  though 
fomiiiig  no  part  of  the  radical  theory,  I  have  grafted  upon  it 

A  peculiarit}  to  which  I  must  direct  the  reader's  attention  in  refer- 
ence to  these  three  bases,  is,  that  the  salts  of  indigo,  nnih'ne,  and  pla- 
tinum, tliouLrh  all  salts  of  vice-ammons  or  vice-amids,  dilier  in  stmctnre 
from  one  anotlier  essentially.  The  general  chanu  ter  of  the  indigo  Salts 
agrees  in  no  respecLs  with  that  of  tiie  salts  of  amiine  or  platinum,  and 
the  salts  of  aniline  are  throughout  quite  unlike  the  salts  of  platinum.  So 
also  the  theories  which  cheniibts  have  employed  to  explain  these  salts 
are  extremely  different  fiom  one  another,  and  the  various  nomenclatures 
that  have  been  proposed  have  scafoely  any  points  in  common. 

But  the  ladioU  theory  and  its  nomendatore  apply  with  equal  facility 
to  the  whole  of  these  complicated  and  diversified  salts.  The  compre^ 
henaiveness  of  the  theory,  and  the  flexibility  of  the  nomendatore,  satisfy 
every  demand;  and  these  are  prime  requisites  in  a  theory  and  nomen- 
clature that  pretend  to  fblfil  the  requirements  of  a  science  which  is  flo 
eminently  expansive  and  progressive  as  the  sdence  of  chemistry. 


Indigo. 

The  principal  compound  of  the  Indicro  i  l  i.  s  is  Indigo  blue,  which  is 
represented  by  the  empirical  formnla  C'H^NO,  where  C  s  12,  H  =  i, 
N  —  14,  O  =  1 5.  Gorhardt  considered  tliis  oxidised  compound  to  be 
the  radical  of  the  indigo  series,  and  ho  called  it  Jndyle.  Berzelius 
thou^dit  it  expedient  to  distincjuish  the  coniponrifh  of  indigo  by  a  variety 
of  radicals,  and  he  accordingly  adopted  the  following ; — 


C'*iPN  «  Flavinden 
C"H*N  =  Poninden 
C'lPX  ^  Indfflu 
C'H'N  =  laaten. 


C*H"N»  B  Polinden. 

C"H'«]S«  =  Rosinden. 
C«H'»X«  =  Xanthinden. 
[In  these  ibrmiile  C  »  6.] ' 


For  tliese  nuiicals  he  provided  formulae  in  which  the  i^rubois  were 
written  in  Greek. 

It  is  proposed,  on  the  present  occasion,  to  adopt,  as  the  radical  of  the 
IncUflo  aeries,  a  Hydrocarbon  agreeing  in  oomposltioD  with  the  formula 
C*H^  and  to  call  it  Indtl.  *  This  xacucal  is  subject  to  have  part,  or  the 
whole,  of  its  hydrogen  replaced  by  chlorine,  bromine,  and  sulphur ;  and, 
in  thb  manner,  to  prodnce  the  following  Vioe-Badicals : — 


'  In  all  quotations  of  ordinaiy  formulse,  it  is  to  be  understood 

c  =  6,  o  =  8,  H  =  I,  :n  =  14.  • 


that 

s 
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Vicb-Indtu. 


CH'Cl  m  Chloric-indyl. 

C«H»Br  =  Bromic-indyl. 

C"H«S  =  Sulphic-indvl. 

C"HCI*  =  Chlorf-nic-indyl. 

C*HBr*  =  Bromenic-iiidvl. 

C«HC1S  =  Chloric-sulphindvl. 

C^Cl'S  =  Chloreiiic-suli.hilulyl. 

,C°Br*S  =  Bromeiiic-sulphindyl. 

The  Vice-Radicals  that  contain  chlorine  and  bromine  without  sulphur, 
act  like  nonnal  Indyl.  They  have  the  same  saturating  capacity,  and 
their  siilLs  have  the  same  proportion  of  oxygen.  The  sulphic  vice- 
radicals,  ris  usual,  take  additional  oxygen,  and  form  doulde  sidts. 

The  indigo  series  presents  no  other  j)eculiar  radical  tiian  indyl.  They 
all  contain  either  amidogeus  or  ammouiums,  and  m  all  of  them  the  radical 
indyl  is  found,  sometimes  as  the  negative  radical,  and  sometimes  as  a 
component  of  the  vice-amid  or  vice-ammoii,  which  ibnns  the  positive 
radicsL  The  indigo  salts  are  quite  regular  in  all  other  respects;  so  that 
Benedius's  annj  <»  Greek  radicals  may  be  dismissed  as  needless  super- 
numerarles. 


Section  i. — Salts  nr  wmcH  Lnm*  n  tbb  Nbsatifb  Radical. 

l].  ZH«;  C"H\)  =  Araida  mdylate. 
.  It  is  assumcxl  that  Indigo  Blut-: — or  Indigotine — is  a  salt  which  con- 
tiiins  the  radiaU  indyl,  acting  as  an  acid  radical,  in  comhination  with  one 
atom  of  oxygen,  and  with  nonnal  amidogen  acting  as  a  basic  radical ; 
which  combination  requires  the  following  formula  and  name : 

ZH*;  CTOO  =  Amida  indylate. 

It  is  no  part  of  the  business  of  this  Essay  to  describe  either  the  pro- 
parties  or  preparation  of  the  sul)stances  to  wiiich  allusion  is  made.  I 
may  refer  those  who  wish  for  detailed  information  respecting  the  Indigo 
Raits,  to  the  following  works,  in  which  are  described  all  the  comjxumds 
that  I  shall  refer  to  in  this  article.  Gmklin.  HamllnivJi  ckr  Cliemie^ 
Band  vi.  Likbig's  Handvcodcrlnich  der  Chejnic,  Bimd  iv.,  several  articles 
written  by  Si  rix^ker,  from  which  I  quote  Bi.rzelius's  names.  Ger- 
HARDT,  Traite  de  Chimie  Onjaju'gnc,  tome  iii.  Shorter  notices  will  be 
found  in  the  Treatises  on  Organic  Chemistry  by  Professors  Gregory  and 
Miller. 

-l  JZH*;  CITOl  _  Ammona  indy late  cum  amida 
|ZH*;  C«IPOf  "  indylate. 

Bv  certain  clieniical  f)rocesses,  indigo  l>hie  can  Ix?  coHverted  into  a 
substance  whicii  is  called  liidirjogen,  or  White  1ni>i<;o.  The  j)rocess 
which  eli'ect^  this  change  is  called    reduction/^  and  the  resulting  corn- 
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pound  is  abo  called  Seducfd  Indigo,  The  act  of  reduction  consists  in 
adding  ono  atom  of  hydrogoi  to  one  atom  of  blue  indigOi  and  thereby 
coovertinff 

ZHSCH'O  into  2£L\C^W0. 

This  new  fonnuk  is  not  in  accordance  with  the  amidogen  and  ammoiuuiii 
theoriefi.  H*  forms  neither  an  amidogen  nor  an  ammonium.  It  is  not 
therefore  immediatdjr  evident  how  the  additional  atom  of  hydrogen  is 
connected  with  the  indigo  blue,  and  chemists  haye  given  many  different 
explanations  of  this  difficulty.  Berzelius  even  resorted  to  the  expedieift 
of  adopting  a  special  radical,  Isaten  =  C^U*N  to  explain  it.  According 
to  him,  indigo  white  should  be  called  Isaten  oxydul. 

Nevertheless,  what  it  is  difficult  to  understand  of  this  occurrence  in 
relation  to  one  atom  of  the  compound,  becomes  easy  if  \kq  rognrd  it  as 
taking  place  with  Mtoins ;  for,  if  two  atoms  of  indigo  blue  take  \\\\ 
two  atoms  of  hvdrogeu,  and  produce  a  compound  that  agrees  with  the 
full  >^\  iiiLr  formula,  we  j>erceive  that  the  difficulty  is  gone,  and  tliat  we 
are  l<Mjking  upon  a  change  that  is  aiudoguus  to  many  that  occur  with 
othejT  compouiidii  of  the  azotic  series : — 

,  J.  ^. I  ZH*,(  :*H^|  Ammona  indylate  cum  amida 

Indigo  white  =  |2H-,C«H»0/  indylate. 

Acooxding  to  this  view  of  the  transformation,  indigo  blue  is  a  simple 
indylate  with  an  amidogen  base,  and  indigo  white  is  a  double  indylate, 
with  one  amidogen  base  and  one  anunooium  base.   In  so  far  as  ;>er 

oentage  relations  are  in  question,  those  formula?  agree  perfectly  with  the 
analytical  results;  but  in  respect  to  the  assumed  i)n)ximate  constitutions 
of  these  salts,  tho  onlv  evidence  that  can  be  nfK  rfd  in  prwif  of  their 
accuracv  is,  that  the  relations  of  the  s;ilts  to  all  uilicr  salts  of  the  indigo 
series  are  such  as  would  exist  if  the  constitutions  that  an-  a^sutiuid  to  oe 
true,  could  be  proved  to  U'  U'ue.  The  gicat  a."56umptiun  made  in  n^pc  ct 
to  indigo  white  is,  that  it  contains  a  salt  of  Ammonium  combined  with 
a  salt  of  Amidogen.  Hitherto^  such  combinatioos  have  not  been  ad- 
mitted, because  they  have  been  overlooked  and  misunderstood ;  but  the 
numerous  examples  of  their  existence  which  I  have  cited  in  this  Essay 
must  remove  all  reasonable  doubts  respecting  the  possibility  of  their 
existence. 

3],  One  of  the  agents  employed  to  reduce  indigo  blue  to  indigo  white 
is  grape  sugar,  and  the  process  of  reduction  may  be  represented  as 
follows : — 

Employed; 


In'li_'o  blue,      Grape  Water. 
2  atoms.  sugar. 


Produced  ; 

iZW.rivn]  , 

]ZH\CH'o/ 
Indipo  white,  Formic 
1  atom,  add. 
s2 
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A  more  elaborate  and  intricate  e3q)1aiiatioQ  of  this  process,  founded  od 
the  cunvnt  theory  of  chemistry,  is  giveii  in  Professor  Gregory's  Hm^ 

book  of  Organic  Chemistry ^  page  365, 

Indigo  vvhitfri  is  subject  to  reconversion  into  indigo  blue  by  a  process 
whicli  Is  usually  called  oxidation  that  is  to  say,  when  it  is  exposed  to 
atmospheric  air,  O'  of  the  air  takes  H*  from  the  indigo  to  form  water ; 
the  ammonium  ZH^  is  thas  "  oxidised  into  the  amidogen  Zii%  and  ^ 
indigo  white  again  becomes  indigo  blue. 

If  the  theory,  according  to  which  I  am  endeavouring  to  explain  tbe 
ronstitution  of  the  indigo  Siilts,  is  true,  it  shows,  among  other  thingp, 
that  the  processes  which  are  commonly  called  oxidation  and  redudm, 
are  either  incorrectly  understood  by  chemists,  or  are  described  in  verr 
awkwai'd  phraseology.  Lot  us  consider  the  present  cose  in  detail.  \\\ 
convert  two  atoms  of  indig'>  i>lur  int  )  cmQ  atom  of  indigo  white,  }»y  tbe 
(iddition  of  two  atoms  of  hydrogen^  and  \vc  call  this  ])rocoss  "  reduction." 
What  is  reduced  ?  Surely  not  the  indigo.  We  reverse  the  operation. 
We  convert  one  atom  of  indigo  v;hite  into  two  atoms  of  indigo  blue,  liv 
taking  airai/  tico  atoms  <f  hydrogen^  and  this  process  we  call  oxidation." 
Wliat  is  oxidised?  Certainly  not  tlie  indigo.  The  ways  and  means  by 
winch  tlie  results  are  brought  about  are,  thwjretically,  of  no  nn»ment 
Tiie  fact.s  are,  tiiat  hydrogen  is  eitlier  added  or  removed.  The  words 
intimat*'  that  oxygen  is  added  (n-  reniovixi.  Many  of  the  misty 
hy|X)theses  tliat  iiave  b<?en  piil»li.shetl  respecting  the  metamorjihoses  ut 
the  various  salts  of  indigo  have  no  doubt  had  their  origin  in  the 
ambiguity  that  has  been  occasioned  by  the  abuse  of  the  words  oxidatioD 
and  reductiou. 

4].  ZH«;  CWO*  =  Amida  indylete. 

lodigp  Une,  when  submitted  to  the  action  of  certain  agents  which 
impart  oxygen,  sadi  as  nitric  add  and  chromic  add,  takes  np  another 
atom  of  oxygen,  and  produces  the  compoond  which  is  usually  calkd 
IsiLTiNE,  and  which  possesses  the  following  constitution : 

ZH* ;  CH^O*  «  Amida  indylete. 

This  compound  difiers  from  indigo  blue  by  containing  an  additional  atom 
of  oxvgen.  Berzelius  called  it  Indenoxyd.  Gmelins  formula  is 
C'«NH»0",0«-    Laurent's  formula  C«•H*]SO^ 

5I.  ZHK  ;  eiPO'  =  Potassac  mdvlete. 
6J.  ZUAg;CH'0*  =  Aigentac  indylete. 

When  Amida  indylete — Isatine — is  acted  on  by  a  cdd  solution  of 
caustic  potash,  it  exchanges  au  atom  of  hydrogen  for  an  atom  of  potas- 
sium, by  which  exchange  its  positive  radical  amida  is  converted  into 
potassac. 

ZIP;  <?HW  +  KHO  «  ZHK;  C'H\)*  +  HHO. 


Digitized  by  Google 


INDIGO. 


261 


A  similar  salt,  6],  can  be  prepared  with  silver,  and  indeed  the  formula 
ZHM*;  C^O*  is  that  of  a  seriea  d  salts  which  contain  smidac  radicals. 
These  salts  are  called  hj  different  chemists,  JsaHUs^  Jsati^  and  Jsati- 
nicks.    Their  usual  formula  is  C>*NH«MO*. 

(ZFPK  ;  C»H»0»  =  Potessam  indvlite. 
7].  JzH^Ag;  CH^O*  =  Argentam  indyUte, 

(ztPIk  ;  CHW  =  B^tam  indylite. 
8].  ZH'     ;  C^H'O"  «  Ammona  indylite. 

Wlion  Amida  indvlote — IsiUine,  No.  4I — i>  acted  on  by  a  lu/t  sulu- 
tion  of  cau.stic  {iut  i-li,  the  powur  of  the  az<Jtic  radical  is  enlarged,  the 
aiiiida  becoiiicd  poussam,  and  the  salt  assumes  another  atom  of 
oxygen.    Thus : 

ZH» ;  am^  +  KHO  =  ZBPK ;  CfHW. 

Bf  proper  operations,  the  experimental  details  of  which  do  not  belong 
to  Ms  investigation,  the  potassium  in  this  salt  can  be  replaced  by 
barium,  silver,  or  hydrogen ;  giving  origin  to  salts  that  agree  with  the 
£)miuhB  marked  7]  and  8]. 

It  is  important  to  notice  the  difference  of  the  effects  that  are  produced 
by  treating  isatine  with  a  hot  and  with  a  cold  solution  of  caustic  potash. 
The  relations  of  amidogens  to  ammoniums  are  often  essentially  changed 
by  circumstances  that  chemists  overlook  as  insignificiint. 

By  one  of  those  misnomers  that  are  so  fretjueiit  in  organic  chemistry, 
the  normal  s;ilt  of  this  series,  re[)resent(xl  by  No.  8],  is  called  an  "  acid." 
Grc^ry  calls  it  Isatinic  acid  ;  and  Miller  s  name  for  it  is  Isatic  acid. 
The  denomination  "  acid  "  is  founded  on  the  assumption,  that  the  atom 
of  azote,  and  thrci<^  out  of  the  four  atoms  of  hydrogen  which  are  here 
ascribed  to  the  basic  radiail  of  the  salt,  all  bclonn-  tn  tlie  acid  radical.  Of 
course,  there  is  no  evidence  to  sup[X)rt  that  notion.  According  to  the 
theor}'  now  under  consideration,  the  Lsatinic  or  Isatic  acid  corresjX>nding 
with  the  salts  7]  find  8],  would  be  constituted  as  follows,  H',CH"0*; 
but  no  ^urh  c(<n\\Ht\\ud  is  known.  The  other  salts  citeil  above  are  com- 
muniv  (^lliid  I.siiL;it/e  of  potiisli,  Isatate  of  silver,  ami  Isatate  of  barytes. 
The  formula  usually  ascribed  to  the  imaginary  isatic  add  is  C'^^sH'O", 
or  HO,C»WNO» . 

Formula  8]  and  formula  4]  show,  that  hydrated  isatic  acid  is  the 
neutral  salt  of  ammonia  of  which  isatine  is  tlie  amide.  That  is,  I  helieve, 
the  tme  relation  of  these  two  salts.  It  will  be  seen  that  a  great  many 
of  the  Sidts  of  the  indigo  series  ditVer  from  one  another  to  the  extent  of 
tiie  dirtlrence  in  the  quantitv  of  hydrogen  that  is  required  to  convert  an 
ami<l  ZH*  into  an  anmion  ZH*;  all  other  constituents  of  the  siilts,  ex- 
cept oxvgen,  remaining  the  same.  Of  course,  this  peculiarity  is  not  con- 
fiaed  to  the  indigo  sei'ies,  but  is  a  general  property  of  the  azotic  radicals. 
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JZH* ;  C*H*0*1  _  Ammooa  indjlete  com  amicU 
9J- tZH*;  C"HWf  "  indylete. 

When  "  mlucing"  agents  are  madu  to  act  upon  isiitiiie  =  ZH*;  C*H'0', 
the  result  is  exactly  sirnilar  to  that  produced  when  tli(  y  act  ii]X)n  blue 
indigo;  namely,  two  atoms  of  isatine  take  up  two  atoms  of  livdrogen, 
aiid  produce  a  com{x>und  wlucii  has  tiit:  comjKjsilKiii  represented  by  for- 
mula 9].  This  compound  differs  from  white  indigo  by  containing  two 
additional  atoma  of  oiygeu,  just  aa  iaatioe  difians  ton  Une  indigo  by 
oontaining  one  additional  atom  of  oxygen.  The  name  that  is  wally 
giy^  to  it  is  Isathydb.  Berzelius  called  It  laatenoxyd.  Its  ordioanr 
formula  is  G**IPNO'. 

-1  JZH*;CTP0"1       Anirn*     indylete  cum  amida 
\ZH*;  CH»0|  *  indyiate. 

Tlie  aalt  9]  rests  npon  the  experiments  of  Laurent   Erdmann  oonndere 

the  salt  tn  have  the  composition  that  is  indicated  hj  the  common 
formula  G'^H'NO",  which  is  equivalent  to  fommla  No.  10].  A  com- 
pound of  this  per  contage  composition  has  been  described  undor  the  name 
of  Isatan,  which  Beizeiius  rendered  Isaten  sesquioi^dnl. 


1  procwd  to  quote  a  few  examples  of  the  salts  of  indigo  that  contain 
the  chloric  and  ))romic  vic*»-radi«ils. 

Il],  ZH«    ;  C«H«riO'  a  Amida  chloric-indylete. 
xaj.  ZUAg;  CBH^iO'  =  Argentac  chlorio-indylete. 

The  salt  No.  1 1]  diUers  from  the  salt  No.  4]  only  by  containing  chloric 
indyl  =  CTTCl,  mstead  of  noraial  indyl  =  The  salt  No.  12] 

differs  from  the  salt  19o*  6]  only  by  the  same  substitution. 

The  ordmaij  names  for  the  salt  No.  >  0  <ue  chlortsatine  and  cUo* 
lisatinase,  and  the  fbnnula  is  C"H^NCr.  Berzdius's  foimda  la 
C'*E[^NC)^,C10,  and  his  name  is  Baaischea  Trntercfaiorigsaures  ponindcn- 
sesquioxjdul  1 

13].  Zff;  eiPBrO*  =  Amida  bromic-indylete. 
Tlie  common  names  are  bromisatine  and  bromisatinaae  s  C^^KBrH^, 

14],  Z11';OTCI"0*  =  Ann  la  chlorenic-indylete. 

Common  name:  Bichlorisatine  =  C'NCl'^H^O*.    Berzelins's  formula 
(translated  from  the  Greek^  is  0'<H*NO',2CiO.   His  name  ia  Unler* 
chlorigsanres  flavindenoxydui. 
A  comparison  of  the  formulas  No,  11]  and  No.  14]  with  Beizeliua'a 
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names  and  fonnalsc  for  the  same  oompoimds,  will  show  how  far  tliat 
great  chemist  was  led  astray  by  liis  misconception  of  the  nature  of  the 
oompoonds  which  I  have  called  Vice-Radigai^ 

15].  ZH*  ;  C"HBr*0*  =  Amida  bromcnic-iiulvlete. 
16J.  ZHK ;  CHBr*0«  =»  Potassac  bromenic-iiidylete. 

Common  names :  Na  z  5]  is  Bibromiaatine^  faromiaatineae  »  C'NBr^'O*, 
Laureni.   No.  16]  ia  caUed  Kbiomiaatite  of  potaah  «  C»H*KBr*NO', 

fZHTC  :  CH*aO»  =  Potaaaam  chloric- indyUte. 
CH«C10»  =  Baiytam  chloric-indylite. 
C?H«C10»  =  Argentam  chloric-indvlite. 
C«H*C'1(>*  =  Plumbam  chloric-indylite. 
CHH^IO*  a  Ammona  chloikHndylite. 


17]. 


18]. 


ZH«Ba 
ZH^Vg 
iZHTb 
ZH* 


The  salts  represented  by  formula}  17]  and  18]  are  commonly  called 
dilorisatates  and  Chlorisatinates,  and  tlie  usual  foniuila  is  C'*NC1H^M0*. 
No.  18]  is  the  Chlorisatic  "Acid,"  in  agreement  with  the  fomiida 
HO^C'H^NCIO*.  Berzelius's  name  for  it  is  Indenoxydul  chlorige  Siiure. 
This  '^acid  "  caiiuot  be  separated  firom  solution,  and  is,  in  lact,  un- 
known. 

The  series  17]  and  18]  agree  precisely  with  the  series  7]  and  8], 
except  in  cuutaining  chloric-indyl  instead  of  normal  indyl. 


19]. 


30]. 


fZH»K 
ZH'Ba 
ZH'H^uc 
ZH'Pb 

IZH-Ag 


;  (TW^  a  Potaaaam  chloreiuo-indjlite. 
;  CTICl^O*  ss  Baiytam  chlorenio-indylite, 
;  C'HCl'O"  =  Cupricam  chlorenic-indylite. 
;  CHCIK)*  =  Plmnfaam  chlorenic-indyhte. 
;  CHCl'O*  =  Aigentam  chlorenic-indyhte, 
;  CHaK)*  s  Ammona  chloieDio-uidytite. 


The  salts  represented  by  the  formulic  No.  19]  are  commonly  called 
Bichlorisiitinates.  No.  20]  is  the  Bichlorisatinic  "  Acid/'  answering  to 
the  formula?  H0,C'«H*C1«N0»  or  C'«NC1«H*C)«.  Berzelius's  name  for 
this  acid  is  Porrinden-chloric  acid  =  C'«H*N,Ci  -f  ClO^-fHO. 

The  relation  of  these  salts  to  those  represented  by  formulae  7],  8], 
and  17],  18],  is  so  evident,  that  it  is  needless  to  oHer  any  discussion. 

21].  ZH*;  CiaFBKf  =  Ammona  biomic-indylite. 

Common  name :  Bromisatic  add  zz  C"NBrH'0*.  Compare  it  with  18 ]• 

22].  ZJ^;  CfHBi*0^  =>  Poteaaam  bcQOieDio^ndylite. 
2  3  J.  ZH*  ;  OWnKf  s  Ammona  bromenio-indylite. 

Commonly  called  Bibromisatinatea.     No.  23  is  the  Bibromisatinic 
Acid"=HO,C'*H'Bi'NO'.  Compare  22]  with  19],  and  23]  with  20]. 
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The  relations  existing  between  th6  MowiDg  pairs  of  salts  are  to 
evident^  that  it  seems  to  be  scaroelj  neoeesaiy  to  pcnnt  them  out : 


Normal  Salts  of  AnunonituiM. 


No.  18 

21 

20 

32 


ZH*     ;  0»HH3l 

ZH»Ag ;  (?H*a  0» 
ZH*     ;  e»H«Br 
ZH*     ;  CTI  Cl«  0» 
ZH*     ;  CH  Br*0» 


[Na  II 
12 

n\ 


Correspondiug  Amidei. 


ZtP  ;<?HK!l(y 
ZHAg;CWCaO^ 
ZIP  ;CH«Br(y 
ZH*  ;  CfHCPO^ 
ZH«  ;CTiBiW 
ZHK  ;C>HBiV. 


J  ZH* ;  CHWKy  1  Ammona  chloric-indjlete  cum  amida 


^4J-  IZffieiTOO^f  chloricindylete. 


The  ordinary  uaiiies  of  tliis  salt  are  as  follow:  Chlorisathvde  - 
C«l^'•el*N•d^  Gerhardt.  Cblorisiithydase,  Laurent.  Basisches'  unter- 
chlorigsaures  indensesquioxydul  =  C'^H^JSO*  4-  C10»  BerzdUun 

n  j  ZH* ;  (?HCI*^  1  Ammona  chloranio-uidTlete  cam  amida 
\ZW%  CTICWyf  dik»eiii<>iiidylete. 

Common  names :  Clilorisathvdo.se,  Laurent.  Birhloris;ithvdo  = 
C"H»C1*N«0".    Unterchlorigsaures  ponindeaoxydul  =  C**H*JS(/,2CiO, 

Berzelius. 

Compiire  the  salts  No.  24]  and  2  5]  with  normal  isathvde,  No.  9]. 
It  is  evidont  that  the  throe  salts  dillor  in  no  other  resjiect  than  thfit.  in 
two  of  tliem,  n  ]K»rtion  of  the  hydrogen  of  the  radical  indyl  is  r»'jiLi'  'Hi 
by  chlorinf'.  Yet  iierzoliLUi  thought  it  proper  to  iiSMiuio  that  thes<j  baits 
contained  thre<?  totally-different  radicals — ^isaten,  inden,  and  porrintlcn; 
and  that  tht'se  i-udicals  were  present  in  remaikal)le  conditions  of  com- 
bination. Thus,  9]  was  the  "  peroxide  of  isaten  24]  was  the  "  basic 
hy{x)clilorito  of  tlic  sesqiuoxid  -  of  indcn  and  25J  war*  the  **  hypo 
chlorite  of  the  protoxide  of  })orniid(jii."  Here  we  see  how  things  which 
are  naturally  simple  and  regular  can  be  distorted  and  made  jxTplexiiig 
by  the  vices  of  an  erroneous  hypothesis.  Berzi-lius  woidd  not  admit 
that  chlorine  could  replace  li\  diugun  in  radiciils,  and  ho  was  driven  to 
advance  a  host  of  assiimj>tions,  each  of  whicli  was  a  tliousimd  times 
more  incredible  tiian  the  single  assumption  winch  he  repudiated. 

Sectkm  2. — Salts  in  wbig&  Indylac  is  the  Negative  Radical. 

I  mean  by  Indtlac,  a  Yicfr«mld  whkfa  contains  one  atom  of  Indyl 
=  ZH,C*IP. 

ZlP;ZH,C"FrO         =  Amida  imlvlaaito. 
ZH^;  ZH,C'H«C10     =  Amida  chloric-iDdylacate. 

jZH« ;  ZH,ri  10    1       Amida  indyJacate  cam  amida  iiidy- 
^>  tZH«j      ifm^   i  ^  lete. 


26]. 
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30]. 

(ZH« 
3a].  {ZH« 

rzip 


33]- 


ZIP 
ZH* 
ZIP 


T  /ZIP 

34J-  |zH* 

35].  |zH* 

/:i  JZH» 
3^J-  |zH* 

37>  |zH« 
38]-  {|h« 

ZH* 
ZH» 


39].  j 


-1  I  1a] 

40}  |zH« 

...  |ZH»Ag 

43].  ZIPCu<?i 

44].  ZIPAg 

45].  ZH'Ag; 


ZH.CWC10I 

cwao'f 

ZH,CHBi^O  1 
C"HBr«0«| 

ZH^CH^O 

ZH,CTPO 

CTPO« 

ZH,CrHBr»0 
ZH,CfHBr«0 
ZH,CfHBr^ 
(mBr*0* 

ZH,C»H»0  1 

ZH,C«IW  J 

ZH,C«H*C1()  ) 
ZH.CfH«aO*/ 

ZH,OTCro  ) 

ZH,CIPO»  I 
C"H»0«  f 

ZH,CfH«Cl  0») 

(?Hcro»f 

ZH,CrH'0*  \ 

ZH,C»HCI*OM 

ZH,C"H«0« 
ZH,CTP(y 
ZH,C"H«0« 

ZH,CfH*aO* 


Amida  chlorio-indjlacate  cmn 
amida  cldorio-iodylete. 

Aniida  l)romeiiic-indylacate  cum 
amida  bromenic-indylcte. 

Amida  indylacate  bta  amida 
ifidjlete. 

Bis  amida  indylacate  cum  amida 
indylete. 

Tris  amida  bromenic-iudylacate 
cum  amida  bixxmenic-indjkte. 

Amida  iiulylacate  cum  ammoDa 
indylaccete. 

Amida  chloric  -  indvlacate  cum 
ammona  cbloric-iiidylacoete. 

Amida  chlorenic^lndylacate  com 
ammona  cUorenic^indylaeoete. 

Ammona  indylaccete  cuin  anudu 
indylete. 

Ammona  chloric-indylaccefce  cum 
amida  chlori&>iBdylet6. 

Ammona  chlorenic*  indylaccete 
cmn  amida  ddorenic-indylete. 

Barytain  indylaccete  cum  aniida 
indylete. 

Argontam  chlorenic-indyiaccete 
cum  amida  chlorenic-indylete. 

Ammona  indylaccete. 

Gupriccem  indylaccete. 

Argentam  indylaccete. 

Argeutam  clilonc-indylaccete. 


I  have  placed  the  above  formulae  togetlier,  in  order  to  show  the  rela- 
tionslnp  of  the  multiple  salts  of  indigo,  and  to  draw  attention  to  the 
slight,  but  perfectly  definite,  differences  by  which  they  are  individually 
characterised. 

All  the  formuls  from  26]  to  45],  contam  an  assumption  that  appeared 


266 


In  none  of  ihe  fcnntike  from  i]  to  25].  This  ooDsiats  in  the  employ- 
ment of  a  vicc-omidogen,  Indtlac  »  ZHfCH*,  8S  an  ACID  radical.  I 
shall  be  asked*  how  I  justify  so  novel  and  irreffizlar  a  proceeding  ?  I  reply, 

by  the  success  with  which  it  is  fljllowcd.  No  assumption  hitherto  niado 
by  chemists  has  availed  to  raise  the  formulae  of  the  indigo  salts  out  of 
the  mist«i  of  empiricism.  With  M>>  assumption,  their  composition  is 
made  intelligible  and  regular.  The  end  justUies  the  means,  because  ordto' 
is  better  than  muddle. 


Notices  of  the  Individual  Salts. 

No.  26].  ZW;ZR,CTWO  =  Amida  indylacate. 
GompafewithNo.4j.  ZH';      CH\/  »  Amida  iodjlete  (/aotm). 

When  iaatine  ia  treated  with  ammonia  ZH*,H,  the  oomponnd  No.  26]  ia 
produced,  one  atom  of  water  H,HO  being  given  off. 

ZH«;  CHX)"  +  ZITH  =  ZH«;  ZH.CJEfO -f  H,HO. 

In  this  operation,  the  reaidne  of  the  ammonia  ZH,  combines  with  the 
Indyl  CH*  to  (ona  the  vioe-amidcigen  In^iao,   The  reaulting  salt  2 61 

ZH*  ) 

if  formukittxl  "  on  the  model  of  water  "  would  look  thus :       C"iri  ^* 

If  we  contmst  the  radicals  ZH*  w  ith  ZH,C*H',  and  ask  which  is  the 
more  acid  of  the  two,  faking  Ibr  our  guidance  tbp  proj)erties  of  radicals 
which  have  been  descril*  d  at  page  73  of  this  work,  we  come  to  the  c»n- 
cliLsion  that  ZH,C*H'  is  more  acid  than  ZH",  and  consequently  that  the 
;r  formula  for  the  compound  which  contains  both  is  that  given  in 
ZH* ;  ZH,CH'0. 

orditiaiy  names  of  tUa  oompoimd  are  aa  ibllow:  Imesatlne 
CWSiKf,  Omiiardt.  Ponindenosydiilamid  «  C*^«N(mH*»  Ar- 

27].  ZH";  ZH,GW)10  =  Amida  chlorio-indylacate. 

This  salt  difll'rs  from  No.  26]  only  in  cuiitaining  chloric-indyl  =  C^H^Cl 
instead  of  indyl  =  C  IP.  It  is  prepared  by  acting  upon  chlorisatuie 
instil  of  normal  isatine.  This  remark  appUes  to  m  nlta  of  the  vice- 
indyls  generally.  Whatever  compound  salt  70U  can  make  with  Indyl, 
you  can  alao  make  with  chloric-^  chlorenio-,  bromio-,  or  bromenic-lndyl. 
I  cannot  go  into  experimental  detaila,  and  It  ia  needleea  to  repeat  this 
general  remark  at  the  mention  of  every  formula. 

The  ordinary  namr^  for  No.  27]  are  chkurimeBatine  m  C'^^INH)*, 
Chrhardi.   Imecbknrisatiiiaae,  Lm^9nt, 

jZH*;  ZH,CfH\)  1      Amida  Indjlacate  cum 
"J'tZH*;      C»H"0»f         amida  indjlete; 

A  compound  of  the  two  salts,  26]  and  4],  atom  to  atom. 
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Uanal  names:  Luaaatiiie  a  CFB}^}^,  QtrharA^  Polmdfinoiyd 
a  CW»N»,0",  Berzdm, 
29].  The  cUoiine  compound  parallel  to  38I 
Cbmmon  name:  CStlorimaBatme  ^  (TVGl^SK)^,  Qmhasr^,  Lnadilo- 

lisatinp,  Sfrecker. 

|0].  The  bromine  compound  parallel  to  28]. 
Tsual  names :  BibromtmasotiDe     CHJBs*^*C/f  GtrkardL  Imabi* 
bromiaatinet  ^rechar« 

ZH*'       C"H*0'>  -  mdylacate  bis  amida 

A  com|>ound  of  one  iitom  of  tho  si\lt  26]  with  tuo  atonib  of  the  salt  4], 
ComoioQ  iiiirae :  Isatiliunj  r-.  C'"H^®JS''0"',  LaureiU, 

32].  |zH«;  zh5h^  I  =  ^  "t^jT^ 

jziPl      (?H»0*J        amida  indylete. 

A  compound  of  two  atoms  of  26]  with  ono  atom  of  4]. 

The  ordinary  name  of  this  salt  is  leotimide  =  C«'H»^N»0",  Laurent. 
Compare  the  single  salt  26]  with  the  three  multiple  salts  28],  3 1]»  32]. 

33].  A  salt,  S£ud  to  DC  verj  b«iutifiil,  accidentally  obtained  by 
Laurent,  but  not  pn^Iiicible  at  pleasure.  Uis  name  and  formula  are^ 
Ctoiindine  bibroniee  =  C**H'WN'0"*. 

The  most  interesting  circumstance  respecting  this  salt  is,  that  it  seems 
to  indicate  the  existence  of  salts  that  belong  to  tlie  series  26J,  28J,  31}, 
32],  but  extending  beyond  the  last  of  these. 

■^  JZH*;  ZHjC^H'O  ]  _  Amida  indvlacate  cum  ammona 
34J'\ZH*;ZH,e»H\)«/  -  indylaccete. 

This  salt  is  procured  bj  faeetiDg  the  iaamate  of  ammonia  Na  42].  HHO 
is  driTen  off,  and  No.  34]  lemaios. 

ZH*;  ZH,(?Hf0^1      fZH«;  ZH,(7H\>  1  +  H^O. 
ZH*;  ZH,(?HWr  ^  IZH*;  ZH.CTWJ 

The  com])outid  thus  procured  contains  one  atom  of  the  s^ilt  26]  and  one 
of  the  salt  42].  Compare  34]  with  10].  The  dif?erence  between  the 
two  salk»  is,  that  tilt'  two  atoms  of  indyl  in  lOj  are  replaced  by  two 
atoms  of  indylac  in  34]. 

Gonunoo  Dames:  Isamideb  Amasatine  s  CW^^,  Laureni  and 
Oerhardt,   Polindenos^dammoDiak  a  (m^lTO'  +  NH*,  BirMu. 

35],  36].  These  salts  correspond  to  34]  but  have  chloric-  and  chlo- 
lenio-indyl  instead  of  indyl.   Common  names : 

No.  35].  Chlorisamide  =  C*'H•«C1'N*0^ 
Now  3d].  Bichioriflamide-  C"H»a*N*0*. 
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37]-  {i 


]Zn*;  Zll,CW(y\  _  Ammonaitidylaooetecam 
[ZIP;      CfH«0^(  ~     amida  indykte. 

Compare  with  ol  ^  Amm^  indylete  cam 

Tho  only  dillt  renco  in  tlie  composition  of  the  two  salts,  Nos.  9]  and  37! 
is,  that  ill  the  latter  one  atom  of  indyl  is  replaced  by  one  atom  of 
iudviac.  The  salt  37]  contains  one  atom  of  isamate  of  ammonia  42] 
combined  with  one  atom  of  iisatine  4].  It  i^*  procured  by  aciing  upon 
iaatine  >yith  ammonia. 

ZH»;  CIPO'  +  ZH^H)  _  fZH*;  ZH,CHT)» 
ZH*;  CH«0*  f  ~  IZH";  CH^C/ 

The  common  names  of  this  compound  (No.  37)  are  as  follow :  laamic 
acid ;  Imasatic  acid  =  C"H"N*0*,  Gtrhardt,  Imasatinic  acid,  Latunmt, 
Isatinamic  acid.  Robindenic  add*  Berzdim.  Isams&ore  s  HO, 
C!*H'*N^,  Strechr, 

38]  and  39]  are  salts  similar  to  37^  but  containing  chloric  and  chlo- 
renic-indyl  instead  of  indyl.  No.  38)  is  commonly  chilled  chloria^mic 
acid  =  BOfTW^msy,  No.  39J  is  caUed  Bichloriaunic  add 
=  HO,C"W^*N"(y. 

40].  This  is  the  bariuiu  s.ilt  of  the  Isamic  acid,  No.  37].  Between 
the  composition  of  No.  37]  aiid  No.  40],  there  is  only  the  difference 
that  Anunona  «  ZH*  is  replaced  by  Barytatn  «  ZH'Ba.  The  or- 
dinaiT  name  for  tlia  salt  imeBented  by  ifo.  40]  is  Isamate  of  baiytes 
=  B«0,C^"1W. 

41].  This  18  the  silver  salt  of  ihe  <*acid*'  fbimtilated  by  No.  39]. 
Its  common  name  la  the  Bichloriaamate  of  silver. 

42].  ZHS-  ZH,Criro»  =  Ammona  indylaccete. 

This  is  the  ammonia  salt  of  the  "  add'*  formoiated  by  No.  37].  It  is 

formed  thus : 

ZH*;  ZH,CTTO*  \      JZH*;  ZH,C"TTO* 

ZH« ;      effO«  +  ZH«,Hf      ^ ZH* ;  ZH,CfH»0» 

As  I  consider  the  salt  Na  37]  to  be  a  oompoimd  of  two  salts,  so  I  oon- 
atder  the  leaolt  of  this  reaction  to  be  a  product  of  two  similar  salts,  and 
therefore  I  limit  the  fonnok  to  what  is  given  in  42]. 

The  common  name  of  4a]  is  the  isamate  of  ammonia.  I  have  alreaify 
stated  that  when  it  is  strongly  driedt  the  loss  of  water  transfonns  it  into 
the  salt  No.  34]. 

ZHKMcP;  ZH,CfHW  »  Cnpricoem  hxiylacoete. 
ZIPAg;  ZH,€PH*0*  =  Argentam  mdylaooete. 

These  two  salts  are  modifications  of  Na  4a],  Uio  ammona  of  42]  being 


43]- 
44J- 
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repilaced  by  Cupriccem  in  43]  and  bjr  Aigentiim  in  44I.  Common 
names:  No.  43J  is  Isatinkup^ranimonium  =  C*'liJH*(isH*)Cu*0*,  or 
C'«>'H'Cii'0',  Gniilm.  laftfcinkapferoaqrdaiTiTnnnmV  ^  aCnO,e'U>NO" 
+  NH*,  Strecker, 

No.  44]  is  Isatinsilverammonium  =  r'®NH'(NH*)AgO*,  Gnwlitu 
C"NH*(NirAg)C)*,  Laurent.  IbatmiiiiUuroxydanmioniak  =  AgO, 
C'«H*-N(.)'  4-  NIf ,  Strecker. 

45].  ZH^Ag;  ZlI,C*irC10*  =  Argeutam  chloric  indylaccete. 
This  salt  differs  from  No.  44]  only  by  containing  chloric-indyl  instead  of 
indyl.  Oomiiion  names:  ChlarM«tin«nvcwnimomiim  s  C'*NCIH'(NH*) 
Ag<>,  Gmdm.    AgO.Oi«IFGlNO*  +  NH*,  iSMkr.    GUoriMtite  of 
argentanunoiuiim  =  G**H'(NH*Ag)CIN(y«  Gerhardt. 

Sbctiok  3.— Salts  nr  which  Im/YLkc  ajxd  Indtlah  act  as  Posi- 
tive RADiCAiii,  WITH  Sulphur  as  a  Negative  Radical. 

indylac,  as  already  explained,  is  a  vice-aniid  containing  one  atom  of 
Indyl  =  ZH,C°H'.  Indylam  is  a  vice-ammon  containing  one  atom 
of  Indyl  =  ZH^eiP. 

A.  Biaulp/mtcs. 


JZIP,C"H»;  SO* 
1         H;  SOF 
.  IZIP.CTP;  S0» 
47>  \ZH*       ;  SO* 


Hydra  indylam  sulphenote. 

Ammona  indylam  sulphenote. 


48  j. 

49]- 


ZH  C*H*  •  SO*) 

•    H  •  *>0'  I       ~  Hydra  indylac  sulphenote. 

Pb ;  ZH,C"H' ;  8*0*  =  Plumba  indylac  sulphenote. 
K  ;  ZlI,C*>i^  S*0*  =  Potassa  indyhic  sulphenote. 
fia ;  ZU,eH%        »  Baiyta  indylac  sulphenote. 

B.  Sulphite, 

rlamen  sulpUeuite. 


(ZHWH';S01  \ 
50].  ^ZH^e'H^  ^0«(  "  >  s  Indy 

1=  ZIP.CIT;  ZH",eH»;  SK)»J 

C.  Byposu^hite? 
51].  ZUSCiP;  S*0?  «  Indylam  solpbenate. 

JZIPjCW;  SOM      Hydi-a  indvlani  sulphenote. 
^^-I*  \  H;  SO'f  "      (or,  Hydra  indylam  bisulphete.) 

This  salt  is  the  Acide  suliisataneux  of  Laurent^  the  Sulhsatanige  Saure  o 
Strecher.    Formula^:  H0,C'«H"'NO',2S0*.    I  caunut  understand  wliy 
thoise  pro[>ortiuiis  ofsulphnr,  oxygen,  and  Inisic  radicals  which  constitute 
what  is  cornniMiily  calltil  a  sul[)iiate  should  ever  be  considered  to  lorm  a 
sulpliite.  Organic  chemisto  are  too  uitcn  guided  in  theii*  opinion  of  what 
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8  salt  IS,  by  their  knowledge  of  the  matenab  they  use  to  make  it,  or  tk 
products  thejr  obtain  when  they  decompoee  iL  A  salt,  while  it  existSi 
is  neither  its  antecedent  nor  its  subsequent.  Its  name  ot^bt  to  state 
what  it and  not  allude  to  curcomstanoes  that  attend  its  oonstmctian  or 
destracticNi. 

A  sulphate  ooataina  one  positive  radical,  one  atom  of  sulphur,  and  two 
atoms  of  oxygen.  A  sulphite  contains  two  positive  radicals,  two  atoms 
of  sulphur,  and  three  atoms  of  oi^gen.  These,  at  least,  are  the  relations 
insisted  upon  by  the  radical  theory,  but,  under  all  theori^^^,  these  8all& 
present  diflferenoes  which  no  chemiat  is  entitled  to  overlook. 

47].  ZK*;  ZH*,CW;  SK)*  =  Ammona  mdylam  solphenote. 

This  is  thp  ammonia-isalt  of  the  "acid**  No.  46].  Its  usual  names  are 
Sulfisiitanit*^  d'ammoniaque,  Laurent.  SuUkatanigsaures  amraoniak, 
Streaker.  Formula:  C'*'li*®N*S*0" (with  aAq.  omitt^^l  in  the  alx)vc'  for- 
mula). This  s.'ilt  is  not  readily  decomposed.  Hydrochloric  acid  i1^k>.s 
not  disengage  sulphurous  acid  from  its  solution.  Salts  of  barium  pni- 
duce  no  precipitate  therein.  Tlie  sjilt  No.  ^i"]  is  pi\  j);u'e<l  by  mixing 
bisulphite  of  ammonia  with  an  alcoholic  solution  of  sulphesatyde. 

48].  H;  ZH,CV;        =  Hydra  indykc  solphenote. 
49J.  K;  ZH,<7IP;        ^  Potassa  indylac  solphenote. 

The  "ncid"  Ko.  48]  dilTers  from  the  "acid"  No.  46]  only  by  (Wh 
tiliiiiiig  indylac  instead  ui  ifidylam  ;  all  other  tliings  remaining  the  same. 
The  sjilts  49]  differ  fu)m  the  salt  47]  in  the  same  particular.  The  dif- 
ference is  the  siune  as  that  which  distimniishes  the  Binoxalat<«  from  the 
Ox  ill)  ites.  Tlie  acid  48]  is  prepiretl  l>y  digesting  indigo  blue  in  cuuceu- 
ti^aLed  hj'diuted  sulpliuric  acid  in  a  close  vesstel ; 

H,    son  =  i         H  ;  80«f  ^^-W 
H,   SO*J      [  U,UOawater. 

With  dilnted  add,  and  free  access  of  air,  the  salt  No.  57]  is  produced. 
The  acid  No.  48]  has  received  a  variety  of  names,  and  been  the  sohject 
of  many  difierent  hypotheses.  Solphate  of  indigo ;  Ca^mlin-sulphnric 
add,  Wi  Cnm;  Sulphmdigotic  add;  sometimes,  hyposulphindigotic 
add ;  indigbhioschwefelniare ;  Schwefelsaorer  indigo ;  Losliches  indi^ 
blau;  Indylinschwefelaanre;  Sulfindylsaure;  Addesnlfindylique,i>iafNii; 
Adde  solfindigotique.  Formuke :  C'*KIPS'0*  »  C"NHHD*,aSO^, 
Gmeim.  H0,G'<H«N0,2S(>' ( :r  Snlphindylic  add),  ifiSb-.  The  salts 
49]  are  commonly  called  Snlphindylates.  The  osoal  fonnula  of  (he 
potash  salt  is  KO,C'<H«NO,SK)'.  It  has  also  been  called  Indigo  Ganniae 
and  soluble  indigo. 

I  copy  the  following  passage  from  Dr.  Gregory's  accoont  of  the  salts 
No.  49].      The  aulphindigotate  appears  to  be  strictly  a  hyposulpliin- 
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digotate,  and  its  tonda  Is  in  all  probabOitjr,  Ci*H«NO^,SW  +  KG. 
Domas'  view,  aooording  to  which  the  salt  is  a  (kmble  8iilphate»  analogoiia 
to  snlphovinate  of  potash,  Cm*S0^80F  +  KO»SO^«  is  not  supported  by 
the  chemical  relations  of  these  substances.  Dumas  conjectured  thiU 
indigo  blue  was  analogous  to  alcohol,  and  that  its  ftjrnmla  ^vas 
C'^H*N,0  -h  HO,  the  body  C'*H*N,0  being  analogous  to  oxide  of  ethyle. 
But  this  view  is  fiur-fetched,  and  docs  not  agree  with  the  chemical  relar 
tions  of  indigo.  It  would  make,  for  example,  white  indigo  C^''H*N,0 
-f-  H  4-  HO  or  C'NH*  -f  2HO,  botli  most  improbable  formulae."  Band- 
book  of  Oryanic  Chanistri/  (1856),  |).  36*7. 

I  disa^rree  entirely  with  Dumas'  view,  tnat  indigo  bhie  ha-s  a  stmcture 
analogous  to  that  of  alcohol,  and  I  have  biiuun  that  its  structure  re- 
sembles that  of  an  amide : 

H,C*H»0  =  Alcohol. 
ZH*,eH»0  =  Indigo  blue. 
ZH*,C*H='0  =  Acetamide, 

Nevertheieas,  I  agree  witli  Dumas,  that  the  structure  of  sulphate  of 
indigo  resembles  that  of  sulpbovinate  of  potash ;  the  two  salts  being  for- 
mulated in  my  notation  as  follow : 

( iTo&Bssa  etnyia  sttipnenooe. 

The  sole  difference  exhibited  by  these  two  salt^i,  is  the  replacement  of 
ethyia  by  indylac,  botii  of  which  are  basic  radicals.  It  is  not  very  dear 
what  Dr.  Gregory  means  by  a  hyposnlphlndigotate.  The  foimiua  that 
he  proposes  for  the  salt  shows  those  proportions  of  S  and  0  which  ooo- 
stitnte  a  sulpliate,  not  a  hyposolphate ;  moreover,  a  hyposnlpbate»  though 
it  is  bisddy  is  monobasic  (see  page  172),  and  it  could  only  have  indigo 
and  potassium  together,  as  a  base  in  the  form  of  an  amidogen  or 
ammonium.  The  respective  quantities  of  the  oxygen  and  sulphur,  how- 
ever, agree  with  the  composition  of  nothing  but  a  double  sulphate. 

50].  ZH»,CfH»;  ZIP,(?H»;        =  Indylamen  sulphenite. 

This  salt  is  what,  in  the  existing  nonn'iiclature,  would  1)0  cnllecl  the 
*' neutra.1  sulphitp^of  iinh  lam.  It  is  the  t>ulfasat)'de,  ur  Sullisiahyde 
of  Laurent  and  Erdiiiaua ;  the  Isatenoxvsuljjhuret  of  Berzelius.  Yoi' 
mute:  C"H«NO»S,  Xaureji^.  C«H"N»6"S*.  (rViAard^.  3C«flPN(y  + 
am*^S\  Bertdm. 

51].  Zff.CH'';  8«0  =  Indylam  sulphenate. 

This;  s:iU  is  given  on  the  authority  of  Laurent,  after  whom  it  is  copied 
into  aU  the  works  on  Chemistry.   The  ordioaiy  names  and  formule  are 
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Sulfesathvdo,  I>atln-(le  bi.^ulfuree  =  C"H»N(yS%  Lament.  Bisulfisi- 
thyde  ="C^ir*N^)\S*,  Gerhardt.  Isatenoxysulphuret  =  C'WKO* 
-f-  C"'H''NO\  JJerzelius,  The  salt  is  prepared  f»y  |>assing  sitlphurott<d 
hvdrogen  into  a  solution  of  isatine.    The  fonnula  nn  nncomnion 

form  of  an  oxysalt  ot  sul])hiir,  and  I  think  that  the  true  turuiuk  of  the 
salt  is  that  of  a  hyposulpLlte : 

jZH»,C"I P ;  SO  1        1 ZI I»,CW ;  SO) 
l!.ttber  I         ^.        or  ^^.H^^^^H'.  sqI 

S;SOj 

Soo  tlie  account  of  the  constitution  of  tho  hyposulphites,  page  i6o. 
Gnielin  ascribes  to  tiiis  salt  (Handbwch  der  Chemie^  Band  vi.,  423,)  the 
fornmki  C^'N'H'K)*^*,  adding  the  authority  of  Erdmann  and  Uuirt  nt ; 
but  I  iin;ii;ine  tiiat  tliis  is  an  error  in  quoting  the  figures^;  othervvii>e  we 
should  iiave  the  siini)le  ibrmula: 

ZH^C*H^SO  »  Indylam  sulphate. 

Section  4. — Salts  in  which  Sltt.phig-Indyl  is  the  Nbgaiis'e 

Radical. 

Tho  nature  of  sulphic  vice-radicals  lias  been  explained  at  pige  136. 
The  salts  of  siil]:)hic-iiidvl  have  the  usual  characters  of  such  radicals. 
They  are  all  double  Siilts  if  viewed  in  relation  to  their  analytical  lormuiaj 
and  bibasic  salts  in  accordMice  widi  their  syuoi)tical  furmula:. 

Analytical  Fonnula.  Svnt  ^jtical  Formula, 

52].  |f      ^^*%\  =  i^H*;  ZWi  CH'S^O*. 

Ammona  sulphic-indylite  cum  I  =  Ammona  ammona  indyl- 
ammona  sulphete.  f  sulphenttte. 

52].  ZH* ;  ZH* ;  C^IPSK)*      Ammona  amrnona  indyl-ulphenute. 
53J.  K  ;  ZIP;  C?H*S*0*     «  Potassa  aiumoua  indykulpheuute. 
54J.  K;  ZH*;  CHCISW   a  Potassa  ammona  chloric-indyl- 

sdphennte. 

55].  K ;  ZH« ;  (?CPSHy    »  Potassa  ammona  chloreoio-iDdyl- 


56].  K ;  ZH* ;  C^Bi^S^  ^  Potassa  ammona  bromeDic-indyl- 

sulphenute. 

I  ZIP:       C«H«SO")      Amida  sulphic-indyUte  com 
JzmC"H';      SO*f         indvlam  sulphete. 
•    =  ZH«;  ZH%CPH»;  C«H*S\)*'=  Amida  indylam  indyl- 

sulphenute. 

ZHK      ;  e'H*SO«\     Potassac  sulphic-indyUte  cum 
Zii\r:W;       SO*f  *     indvlara  sulphetp. 
=  ZHK  ;  ZIP,^!^;  C"irS*6*  =  Potassac  indylam 

indyiiulplienute. 


57] 


58]. 
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52].  ZH*;ZH*;  CWSK)*  s  Amrnona  anunona  indylsalphenote. 

The  ordinan'  names  .and  fonniiW  of  this  s»ilt  arc  as  follow: — Isatosul- 
phite  of  ammonia  =  (/  ii  (N  I1*)N0",2S0*,  Gerhai\lt,  Isatinschweflig- 
saures  ammoniak  =  C'^xsH'^(NH*)0',2S0*,  (j7ne/m.  The  Isatinosulphites 
are  fonmilated  bv  several  chemists  thiis:  C"H*N0*,2S0*  +  MO.  But 
this  formula  is  deficient  of  MO. 

53]«  K;  ZR*  iCiP&Hy^  =  Potassa  ammona  indylsnlpbenute. 

This  is  the  potash-salt  corresponding  to  the  ammonia-salt  No.  52].  Com- 
mon names  and  formuke :  The  isatinosulphite  of  potash  =  C'^H^KNO*, 
aSO*,  Gerhardt.  Isatinschwefligsaures  kaU  =  C"NH«,K0*,2S0», 
Gmdkk  This  salt  occofb  with  water  of  ciystalUzatiou,  wiiich  can  be 
driyen  off  by  heat ;  but  it  is  also  poasible  to  drive  off  so  much  of  it  that 
the  salt  53]  becomes  reduced  to  toe  salt  49].  Beaux  these  two  aalta  are 
heqaeaify  oonfoonded  in  chemical  works.  The  Igatinosulphoioiis  acid, 
which  would  conespond  to  salts  52]  and  53],  is  miknown.  Gmelin 
gives  its  fonntda  as  C^NBCSK)"  =  C"NHW,aSO»,  which  would  cor- 
respond to  the  following : 


54].  K;  ZH*;  G^CISW 
55j.  K;ZH*;(?a»S«0» 
56].  K;ZH*;C»Bi»SK)» 


=  Hydra  ammona  indylsoiphenute. 

a  Potassa  ammona  chloric-indylstil- 
phenate. 

s:  Potassa  ammona  chlorenlcoindyl- 

sulphenute. 
s  Potassa  ammooa  bromeoic-iDdyl- 

sulphcnute. 


The>^*'  tliR-c'  stilts  diOi-r  from  53]  by  liaviiitr  the  hydrokron  of  the  indyl 
paitiy  i\'pkcc-d  by  ciilurioe  and  bromine  as  w»  ll  as  by  sulphur.  In  55] 
and  56]  tho  hydrn^,  n  of  the  mdical  is  entixdy  replaced.  The  vice- 
ladicaU  of  the  ibur  salts  are  as  iuliuw : 

53].  C«H*S  =  Snlphic-indvl. 

54I.  CHCIS  =  Chloric-eulphindvl. 

55I.  C'Cl^S  =  Chlorenic-sulphindyl 

56].  C^Br'S  =  Bromenic-solphindyl. 

These  salts  aflord  remarkable  examples  of  tlic  great  suljstitution  that  can 
take  place  in  radicals,  without  dishirV»ing  the  structun.'  of  their  salts. 

The  ordinary  uaiUL'  of  Xu.  54J  is  the  Chlorisatinsulphite  of  potash; 
of  No.  5  5]  the  Bichlorisatinsulpliite  of  potash ;  and  of  jN'o.  56]  the  Bi- 
bromisatiusulphite  of  jwUish. 

Hence,  the  ordinary  names  of  the  salts  from  No.  52]  to  56]  are  quite 
enoneons.  A  sulphite  contains  S*  4-  O* ;  but  these  salts  contain 
S'  4-  (7,  and  tliey  are  evidently  donble  sulphates,  mdnding  that  add!- 
tiotKil  atom  of  oxygen  which  always  accompanies  a  sniphic  vice-radical. 
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Ear.li  s;ilt  niay  receive  n  systematic  nornc  eitlier  according  to  the  analytical 
or  the  synopticai  tbmiula,  as  is  shown  at  Ho*  5a]. 

A I  1 1  v  t  i  al  Fotni  1 1 1  a .  Sjnoptical  Formiilt. 

Amida mlidiio-iiMlylite com  )      Ia_'i  -  j  i     -  ■  i  i  i 
indyhm  nipbcte.  \  =  i^""^  '"^y^'  indyUulphenute. 

This  salt  is  prrMlnrfd  when  indigf^  Miie  is  stiiTed  up  with  dilnt^^  sul- 
pliuric  acid,  with  ivoc  access  ol  atini»spheric  air.  It  has  received  the 
following  names :  Sulphopurpuric  acid ;  Siilphophenicic  acid ;  Indig- 
purpur;  PiirimwchwefebBnpe,  Fonnuls :  HO,C^IFKH>*,2S0^,  Diinm. 
C«H«N«0*.SW.  Gerhardt. 

58J.  ZHK;  ZH»,C«H=»;  C'R'bHJ',  Potasaac  indylam  indylsolphenute. 

This  is  the  potash-salt  of  the  so-called  acid'*  No.  5  7  J.  The  two  com- 
pounds differ  only  in  the  drcnmstanoe  that  the  radlod  Amida  in  57]  is 
converted  into  Potassac  in  56].  This  sulistitiition  is  effected  by  means 
of  caustic  potash,  thus:  ZH^  +  KHO  =  ZUK^HHO. 


I  have  omitt^  firom  the  pieoeding  Table  the  compounds  called 
Indine,  Hydrinden,  and  their  derivatives.  The  compoaitioo  commonly 
ascribed  to  these  compounds  is  such  as  does  not  admit  of  reduction  to 
exact  fonnuhe.  For  Indine  wo  have  C"H«NO*  and  C»«H*NC)",  oik  cor- 
rcHtponding  to  indiL^  o  Mue,  and  tb  '  other  to  indigo  white.  For  Hydiin- 
dine  we  have  C^H'^NW  and  a^H"H*0'\  All  these  are  given  by 
Latirpnt.  The  componiuls  that  contain  bromine  and  chlorine  are  equally 
uncertain.   X  have  also  omitted  IndeUbrom  for  a  like  reason. 


Ajuline. 

The  compounds  of  aniline  BK  to  be  rackcoed  by  liDiidi^  but  they 
aie  not  the  subjects  of  manuftcture ;  they  are  not  articles  of  commerce ; 
they  are  of  no  use  in  the  arts ;  they  are  applied  to  no  purpose  in 
domestic  economy;  yet  they  have  be^  the  principal  subject  of  dis- 
cussion in  all  the  chemical  jounials  of  Europe  for  nearly  tw^ve 
yeais. 

The  reason  that  these  compounds  have  commanded  so  much  of  the 
attention  of  chemists  is,  that  thrv  sr-emed  to  proniise  to  afl'ord  informa- 
tion which  would  lead  to  the  solution  of  the  gn  at  theoretical  prolilem 
which  is  expresstnl  in  the  inquiry — Wfmt  is  Uus  natmyi  of  the  Azotic 
Bases  ?    Tliat  problem  is  of  the  very  iiighest  importauce,  because  it  is 
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.impossible  to  make  any  decisive  advances  in  physiological  chemistry  until 
(  hi  mists  obtain  cU'iarer  notions  than  have  hitherto  prcvailixl  rcs])ecting 
the  nature  and  tunctions  of  the  c  >inpoaQds  of  azote.  The  rcsi^-arches  of 
Hofniann,  carried  out  witli  admirable  cx])crimeQtiil  dexterity,  have  su|^- 
pliod  a  ninltitude  of  facts  to  aid  in  tlie  solution  of  this  ]»roljlem.  Yet, 
notwithstanding  his  laboiii-s,  and  t\u^o  of  manv  other  chemists  in  this 
field,  it  cannot  be  saul  that  the  work  in  qiicstiun  has  Iwn  ac('omphsiu  <l, 
and  tliat  the  problem  of  the  constitution  ol  the  azi>tic  Utses  has  l>ten 
loniailiv  solvi'd.  For  that  reason  i  take  leave  to  aill  the  attonticii  of 
chemists  to  a  series  of  arguments,  which  constitute  one  more  attempt  to 
clear  away  the  difliculties  wliicli  beset  this  question. 

The  Aniunb  Thuory/'  which  I  have  to  proj^iose  fi>r  the  adoption 
of  chemists,  is  briefly  as  follows :  a).  The  Kadical  of  these  compounds  is 
Phenyl  s  CH*,  which  frequently  undergoes  substitution,  and  becomes 
cliloric-plienyl  =  C*HK/1,  chloi«nic-pl»enyl  =  C*H*C1*;  bromic-phenyl 
=  CH^Br,  bromenic-phenyl  =  CH-Br;  iodic-phenyl  =  Cni%  &c. 
b).  In  combination  with  azote  and  iiydrorrpn,  j)henyl  and  the  vice- 
phenyls  produce  the  radicals  j)henylac  =  ZH,C*H*,  phenylam  =  ZH*,C*1P, 
phenyleni  =  ZH*,(CH*)*;  and  the  vice-phenylacs  and  vic<>phenylams 
which  result  from  tltc  substitution  of  chloric-,  bromic-,  (»r  iodic-])hen\  I  II )r 
normal  phenyl  ai  sucli  com|)ounds.  f).  The*-  viei -ainids  and  vice-amnious 
whirh,  it  is  ap|iarent,  are  \iari  of  the  crejit  svstoni  of  vice-amids  and  vices 
annnons,  and  are  in  no  respect  peculiar  to  aniline,  form  Siilts  by  combining, 
in  the  usual  way,  with  negative  radicals  of  every  description,  oxidis<>d  or 
not  oxidised;  so  that,  in  this  respect  also,  they  have  no  proi)crtY  [K-culiar 
to  aniline,  but  act  exactly  like  all  other  axottc  radicals,  d).  The  sails  of 
these  compound  ludicals  have  a  great  tenden<7  to  ibrm  double  salts, 
especially  salts  which  oontam  on  the  one  part  an  amid  and  on  the  other 
part  an  ammoo.  e).  They  also  ))ossess,  and  (irequently  exercise,  the 
power  to  produce  triple  and  quadruple  salts. 

In  this  "theory"  there  is  nothing  improlxible.  The  ]iro|)erties 
ascribed  to  the  aniline  radicals,  and  the  structure  of  their  doui)le  and 
triple  salts,  are  such  as  are  ajmnion  to  many  other  rajlimis  and  their 
salts.  The  pretensions  of  this  "  tht  orv"  are,  not  to  show  that  aniline 
is  wonderfully  dillerent  from  all  other  cheniicil  compounds,  but  tliat  it 
is  able  to  reduce  to  order  and  rej^ularity  a  mass  of  facts  which,  as  they 
are  commonly  formulated  and  named  in  chemical  books,  are  eitlier  in 
ooniusioii  or  helpless  uncertainty.  The  points  upon  which  the  theory  *' 
rests  are  diese :  The  dismissal  of  all  ammonias  as  bases,'*  and  the 
assumption  of  vioeiunldB  and  vice^nmons  as  basic  radicals,**  each  of 
these  radicals,  whatever  its  composition,  being  eqiuvalent  In  chemical 
power  to  H',  and  exercising  that  power  in  the  formation  of  an  extensive 
variety  of  single  and  multiple  salts.  Everything  else  follows  :is  a  mattinr 
of  course,  in  accordance  with  the  general  principles  o(  the  rsdical  theory. 

I  pcooeed  to  adduce  evidence  in  support  of  this  aniline  theory.  It  con- 
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sists,  fiiBt,  of  a  Table  of  examples  selected  from  the  most  important  aniline, 
compounds ;  and,  socondly,  of  a  critiGal  aoooant  of  the  names,  formula, 

and  tlicorios  a])plifd  to  the  same  compounds  by  Hofmann  and  other 
chemists.  On  Ifxjking  over  the  Table,  the  reader  will  see  the  structure  of 
eacli  Siilt;  its  n  lation  to  other  salts  of  the  series,  and  its  systematic 
name;  and  on  consulting  the  notes  he  will  be  supplie<l  with  the  nifjans 
of  jud'^inn^  whether  or  not  the  theory  and  nomenclature  now  proposed 
are  l>etter  or  worse  thau  those  against  wliich  they  are  put  in  competition. 


Table  of  fhe  Salts  of  Aniline. 

ZB^CnP  ;  H  B  Phenylac  hydra. 

ZH.rHM'l ;  H       '    =  Chloric-phenylac  hydra. 

ZH,C"H*Br;  H  =  Bromic-phenvlac  hvdra. 

ZH/^H*!  ;  H  =  lodic-phenylac  hyclra. 

5I.   ZII,C*'H='Hi-*;  H  =  Bromenic-phonvlac  hvdra. 

St   Z(>'*H",C*H»;  H  =  Amvlic-phcnvlac  hvdra. 

ZCTP,CTP;  II  =  Ethylic-])hcnylac  liy<lm. 

ZH,  C*'H-'Ur* ;  Br  =  BroniL-nic-plienvlac  bronia. 

ZH,  eiPCl*;  CI  =  Ciilorenic-phenvlac  chlora. 

ZH,  eiPBr;  CI  =  Bromenic-phenylac  chlora. 

ZU,  K ;  C'H»  «  PotBSSac  phenyla. 

ZWjOB* ;  a  «  Phenylam  chlora. 

ZK*,C*H*;  Br  «  Phenylam  broma. 

ZW.Cm* ;  I  a  Phenylam  ioda. 

ZIP,(?H*C1 ;  01  =  Chloric-phenylam  chlora. 

Zn",C*'IPr>r  ;  CI  =  Bromic-phenylam  chloia. 

/HM"II*I;  CI  =  Tod ic-pheny lam  chlora. 

ZH',C"II*I;1  =  I(xlic-])h«'nvlam  ioda. 

ZH\C'lPBr*;Cr  s=  Brommic-phcnylam  chlora. 
1  ZH%C*H*C1 ;  VA  \  Chloric-phenylam  chlora  bis  platic 

\  Ptc«;Cl«|  "  chlora. 

JZH*,CH*I;  CI  i  Iodic-] »heny lam  chlora  bis  plaUc 

I         Ptc«;  CIM  "  chlora, 

ZH',C"H*,Hgc ;  CI  =  Merio-phenylam  chlora. 

ZHSC'H' ;  N0»  =  Phenylam  nitrite. 

ZIP,C^' ;  SO^  =  Phenylam  snlphete. 
ZH",<?H*,Cac ;  8Cf         Cupric-pbenylam  sulphete. 

ZH»,C?H*Cl ;  S<y  =  Chloric-i)henylam  sulphete. 

ZH*,CH*I ;  SO*  =  lodic-pbenylam  sulphete. 

28].  ■         H:  so«f        V  =  Hydra  phenylac  sulphenite. 

(=H;  ZH,C^li';  S^'J 

29].  Ag;  ZHjCW;  «  Argenta  phenylac  sulpiieuiie. 
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30],  Ag;  Z,(7H»,CH*;  S«0» 


31]. 

33- 

34| 
35J- 


i 


} 


37 
38 


8j. 
39]- 

41]- 


43, 
43. 
44. 

46, 

48 

49] 


$0]. 

51]. 

53].  { 


ZH,CW; 
ZH,C»H» ;  S«0* 

H;Cy 
ZH»,CW;  P0» 
ZH-^CW;  HP;  PO* 
(ZIP,C-H»)«;H;PO* 
(ZH*,(?H»)*;  H»;  PW 


ZIP,C»H»;  W 
ZIP,(?H*I ;  0(y 
ZH»,(?H*Br;  00" 
ZH»,<7H*C1 ;  CO* ) 
H;00»/ 
ZH,COT;  00 
/ZH\  00 
jziLCTH*;  CO 
ZH,C"H*;  CHO 
ZUCIP;  C«H«0 

ZH,eH* :  im'O 

ZH,eH^  c«mi» 
ZHX^'H^ ;  C'H^O 
ZH,eH* ;  (X)  \ 
H ;  (T>*  f 
H:  ZH,C-li^ ;  C*0» 
Ba;  ZH,C'H^  CW 
ZH%ra^  ZH,e'H^;  CWl 
H;  ZH,CW;  CWj 


53J. 

54]- 
55]- 

56]. 

S7]- 

58]. 


{ZH,Cff ;  CH'O  1  1 
H :  CH'O"  f  \ 
=H;  ZH,CH*;  (<?H»)'0'J 


1  H;a 

j  ZH,C«H» ;  NO* 
IHPte*    ;  CI* 
IZH,CH»;  NO* 
I  2(H;C0') 

IZHjCH';  NO" 
I  HjCyO 


Argonta  benzylic-phenylac  sul- 

phenite. 

^  Bis  pbenjlac  sulphenite  com 
hydni  cjana. 

!  Phenylam  phosphite. 
1  Phenylam  hydren  phosphote. 
Phenylamen  hydra  phosphote. 
Phenylamea    hydren  phos- 

pheDCze* 
Phenylam  carbete. 
lodio-phenylam  qarbete. 
Bromio'pheQylam  carbete, 
Hydia  cblorio-phenylam  car- 

benote. 
Phenylac  carbate. 
Phenylac  carbate  com  amida 

carbate. 
Phenylac  fomylate. 
Phenylac  saccmyktte. 
Phenylac  aoetylate. 
Phenylac  butyr^'late. 
Phenylac  valerylate. 
Phenylac  benzylate. 
Phenylac  anisylete. 
Pheriylric  cinnamylate. 
Phenylac  carbate  com  hydia 

carbete;  or 
Hydra  phenylac  carbenite. 
Baryta  phenyls  carbonite. 
Phenylam  phenylac  carbenite 
cam  hydra  phenylac  carbenite. 

Hydra  phenylac  sucdnylenite. 

Phenylac  nitrete. 

Phoiylac  nitrete  com  hydra 
chlonu 

Phenylac  nitrete  cum  hydra 
platenic  chlorine. 

PhoTivlac   nitrete  bis  hydra 

uiil>ete. 

Phenylac  nitrete  com  hydra 
cyanate. 
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fZH.C'H*;  KG* 
59].^ZH,CH*;NO« 
I  H;Cjr 

60]JZH,C«H^  NO* 
I  OyiCi 

IZH,<?H*;  NO* 
ZH,<?H' ;  NO* 
(\-:  C\ 

6a].  ZH,C»H»;Cy 

,  -J  lZH,CTI*;Cy 

g  ,  lZH,C«H>;Cy 
^^J-  \ZH»,(?H»;a 

,  IZH,C-H^Cy 
\ZH»,CT1*;  Br 

1ZH,C-H';  Cv 

|ZH,CTP;Cy 

^*'J'  lZH»,CrH»;  NO" 

ZH,  CH* ;  Cy 
ZH.  CW;  H 
ZH,C'IP;  Cv 
ZH*,e'H\Ag;NCy 

ZH,  C«H*;  Cv 
ZH^.CH* ;  C'0« 
H;CO» 

,   IZH,C^H*CI:  Cv 
7 'J-  (ZH,C*H*C1;  H' 

-,  j  ZH,C«H*Br :  Cv 
lZH,CTPBr;  H 

|ZH,C-H*I;Cv 
(ZH.C'H*!;  H 

|ZH,CWBr;Cy 


1 


69]. 


70]. 


75]- 


ZH',e'HM?r:  CI 

ZH,  CW;  Vy 
m\im' ;  CI 
Ptc* ;  Cl« 


Bis  pbenylac  nitrete  cam  hydra  ^ana. 


Bis  pbenylac  nitrete  com  ^ana  chlora. 


_  Bis  pbenylac  nitrete  com  cyana  chlora 
"     bis  pl^c  chloro» 

*  Pbenylac  cyana. 

»  Pbenylac  cyana  cmn  pbenylac  hydra. 

8  Pbenybic  cyana  com  phenylam  chloia. 

St  Phenylac  cyana  com  phenykm  broma. 

K  Pbenylac  c^'ana  cmn  phenybmi  ioda. 

e  Pbenylac  ^ana  com  phenylam  solphete. 

a  Pbenylac  cyana  com  phenylam  nitrite* 

Bis  pbonylac  tynna  cum  jthonvlac  hydra 
cum  argeiitic-plieiiylaiii  uiuitu. 

Pbenylac  cyana  cum  byd»  phenylam 
bicarbet& 

Chloric-])li('ny!ac  cyana  cum  chloric-phe- 

iiylac  hydra. 

_  Bromic-iihcnykc  cyana  cum  bromic- 
~      phenylac  hydra. 

_  lodic-phenylac  cyana  cum  iodic-phenylac 
~  hydra. 

_  Br()niic-]>henylac  cyana  cum  bromic- 
~      phenylam  chlora. 

Phenylac  cyana  cum  phenylam  chlora 
^     bis  pktic  chlora. 
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76I.  IziPCW'  CI  >  s  ""*^">^**^  cyana  cum  phcnylam 

•''1      *Auc*  •  CI*  I  ~     cliiora  tris  auri*  chlora. 

(ZH,  CHTl;  Cv  ]      Cailoric-phenylac  cyana  cum 

77].  {ZHWWr  f  1  I  =     chloric-phenylam  chloia  bis 

I  Pt.  ^Cl*  j         platic  chlora. 

fZH,  C^H*Br;  Cy  J       Bromic -phcn viae   cvana  cum 

78].  ^ZH^C•H*Br;  CI      .  }  s     bromic-phenylam  chioia  bis 

I         Ptc«;a«  J        platic  chlora. 

fZH,CW;Cy  1       n-     u     1  11 

7q1.  izH.CH*-  Cv  I  a       phenylac  cyana  cum  hydra 

7Q*lJzH.  CH*-  Cv  I  =  Bis  phenylac  cyana  cum  cyana 

'^M         Cyici  J 

ZH,  CH»:  Cy  1      «  .   u     1  u  j 

7Qa<ZH,  CIP ;  Cv  I  *  ™  phenylac  cyana  cum  hydm 

M  H;CyO  J 

ftrtl  J(^n.  C*H*;  Cv)"  )      Tris  phcn  viae  cvana  cum  phe- 

\  ZH,  C-H^ ;  H  f  =     nylac  hydra. 
81].    ZCH*,CH';  Cy  =  Methylic-phenylac  cyana. 

82I.    ZC•H^C•H* ;  Cv  =  Ethvlic-phonvlac  cyana. 

83).    ZeU",CW;Cy  =  Amylic-phenyiac  cyana. 

84]. 

|zIl^SH*  ;  Cy  }  *  Phenylam  phenylac  cyanen. 

ftrl  j  ™'  ^*  J      +  HCl  )      Phenvlam  phenylac  cyanen  bis 

''^J-  IZIP.C^*;  Cy  4.  HCl  f  *     hydra  chlora. 

«61  i™'  +  HPtc'Cl*  i      Phenvlam  phenylac  cvanen  bis 

^^J-  (ZIP.Cli'  :  Cy  -f  HI'tc«Cl"  f  "      hydra  platen ir  clilorine. 
^  .  jZH,  CH*;  Cy-hHAuc»a*\      Phenylam  phenvlac  cvanen  bis 
|ZH^(^''IP;  Cy  4-  HAuc^Cl*  f  *      hydra  aurinic  ciilorune. 

Aftl  J^^^'  C"H*;  Cv  -f-  HXCP  1      Phenvlam  phenylac  cyanen  bis 

I  ZIP,(       ,  Cv  +  HNO»  (  *      hydra  nitrite. 

89I    ZH»,CW  ;  CvO  =  Phenvlam  cvanate. 

901.    ZH«,CH*,C*^l"P;  CvO  =  Phenv  K  m  cvanate. 

9il.    ZIP,CH* ;  Cy  ;  S*  =  Phenylam  cyana  iulphene. 

93].   ZH«,(?H*        ;  Cy ;  S«         =  Phenylem  cyana  sulphene. 

fC*H'  CvO  \ 

JcrH*'cvO  I  B       phenyk  cyanate  com  hydra 

oil  IcS^S'O  I  -  Bis].honylacyaiiatecumaigenta 

1  Aglcy  J  "  ^y^^ 
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,95].  C*IP,CyO  *B  Pbenyla  emanate. 

(H.CITO  +  CTI*;  C)'0  «  Hydm  methyJate  cum  phenjla  cy- 


I  jH,OT< 
1  =H,< 


anate. 

CH*,C*H* ;  CyO^s  Hydra  methyla  plienyla  cyanete. 

C*H*0-f-C*H*;  CyO  =  Hydra  ethy late  cum  plieny  la  cyomite. 
C?H*,C"H* ;  CyO*     ts  Hydra  ethyla  phenyla  cyanete. 

H,C*H"0+CH* :  CyO  =  Hydm  amylatc  cum  phenyla  cyanate. 
C^H'SCH' ;  CyO*     =  Hydra  ainyla  phenyla  cyanete. 

(ZH,CH» '  Cy)"f        ~  Phenyla  cyanate  tria  phenylac  cyana. 


IS: 

^3-  {£ 


Critical  Notes  on  the  Salts  of  Ajiiline* 

i].  ZH,CW;H  =  Phenylac  hydra. 

This  is  the  salt  that  is  commonlv  called  Anihne.  It  is  prepared  by 
fii^iTTT  livdrate  oi'  potiish  with  isatine.  See  Indigo,  4].  The  action  is 
represieuted  in  the  ifollowing  equation : 

ZH«,C"HW)  fZH,OT»;H 

One  atom  of  isatine  and  four  atoms  of  hydrate  of  ]xjt;ish  {)roduce  one 
atom  of  aniline,  two  atoms  of  carbonatQ  of  jwtash,  aiid  two  atoms  of  hy- 
drogen. Hofrnann,  Memoirs  of  the  Chenuccd  Society  (1845),  iii.,  271. 
Many  other  names  have  been  given  to  anilme:  Kyanol,  Cryatalliney 
Bettzjdam,  Phenylainide»  Amaphenase,  Pheny]ia.  It  is  ibnnulatedaa 
CWN  and  C**HSH*N.  H66guuin,  acting  on  the  presumption  that 
aniline  contain ril  ammonia,  endeavoured  to  prove  that  the  composition 
was  r'*TT*  -f  NH^ ;  but  he  did  not  succeed  in  procaring  a  itelical  of  the 
form  C"H* ;  although  many  of  his  formulae,  as  will  hereafter  be  seen, 
Avo  framed  on  the  assumption  that  the  aniline  salts  contain  such  a 
radical. 

It  is  remarkable,  tli  it  in  the  conversion  of  isatino  into  aniline,  the 
radical  indyl  =  C"H*  is  converted  into  the  radical  jiheiiyl  =  C*H*;  in 
which  transformation  two  atoms  of  cati^on  are  abstracted  from,  and  two 
atoms  of  hydrogen  are  atlded  to,  the  original  radical.  This  ti'ansnmtaUon 
renders  it  probable  that  chemists  may  hereafter  be  able  to  efl'ect  consider- 
able changes  in  the  composition  of  the  organic  radicals  which  occur  as 
products  of  v^petable  and  animal  life. 

a].  ZH.C"H«C1;H  =  Chlorio-phenylac  hydnu 
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Hofinann's  luunes :  Ghlonmiline  and  Amachlophen^fle.  His  formolse 

Prepared  by  acting  upon  chlorisatin^  ludigo  1 1],  with  caustic  potash : 


The  Inaction  is  quite  ponllel  to  that  which  oecm  when  nonnal  iaatine 
la  acted  upon.  See  No.  i.  Hofinann  remarks  that  the  capacity-  of 
saturation  of  chloraniline  is  the  same  as  that  of  aniline,  although  the  atom 
of  the  latter  is  lower  than  that  of  the  former  by  the  difference  of  the 
equivalents  of  chlorine  and  hydrogen  (442*65  —  12*50  =  430*15)." 
Mem.  Ch.  Soc.  ii.,  277.  Of  course!  The  eapacitv  of  saturaticvn  is  the 
same,  Ix-cmise  phenylac  and  cliioric-phenylac  are  each  one  radir  tl,  with 
the  saturating  capacity  of  fm*  -  utoni.  All  the  vice-amids  and  vico-aimnons, 
whatever  their  coiTipasmun  ur  atomic  weight,  have  the  saturating  capa- 
city of  one  \  uiuiiie  of  hydrogen. 

3].  ZH.CH'Br;  H  =  Bromic-phenylac  hydra. 

Bromanillne ;  Amabrophenese ;  Bromophenylamine  »  C*^H*Br)N 

H  ] 


Prepared  by  the  action  of  potash  on  bromisatine.  Indigo  I3]>  Hcfmam* 

4].  ZH,(?H*I ;  H  a  lodic-phenylac  hydra, 
lodaniline  «  C»(ir  i)N.  Hofmann. 

5].  ZH^CHW ;  H  «  Biomenic-phenylac  hydra. 

Dibiomaniline;  amabrophenese;  Dibiomophenylamine  «  G^(H'Bi*)N 

H 


*  As  I  must  refer  to  many  of  Dr.  Hofinann's  formoie,  which  are  gene- 
rally written  in  double  or  triple  lines,  I  shall,  to  save  room,  write  them 
in  a  single  line,  thos :  C"(U%Cl)jH,  unless  there  appears  teason  to  quote 
them  graphical!/. 
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61.  ZG^H-'^CH*;  H  =  Amylic-pbenylac  hydra, 
7 J.  ZCH*,C"H*;H  «  Ethylio-phenylac  hydra. 

These  two  compounds  ooutain  amidogens.  In  which  both  atoms  of 
hydrogen  are  replaced  by  compound  radicals. 

Hofrnann's  names  and  formula  for  l^o.  6] :  Amybuulme;  Amylophe- 
nyiamine 

His  names  and  fbnnuliB  for  No.  7] :  Ethylanrline;  Ethylophaiylamine 


There  exists  ;i  similar  roTnp^und  with  CH*,  instead  of  C"H*  and  C*H", 
but  which  i?i  otiiiT  re^i^H  t.s  agreos  with  Nos.  6]  and  7]. 

The  conipoiinds  from  No.  i  1  to  No.  7I  are  commonlv  called  "bases.** 
They  conhiin  one  atom  of  replacvabk-  hydrogen.  Wlu'n  this  hydrogen 
is  replaced  by  an  auhydruus  radical,  we  obtain  salts  with  an  amido^en 
base,  such  as  Kos.  8j  to  11] ;  bat  when  the  ''base*'  oomb&ws  wi£  a 

hydiated  add,**  the  hydrogen  of  the  **  add,*  added  to  that  of  the 
"  base,"  is  just  soffident  to  convert  the  amidogen  into  an  ammoninm. 
Thns,  Aniline  i]  »  ZH,C*1P;  H,  with  hydrochloric  add  «  RCl  pro- 
diic*  s  hydrochlorate  of  aniline  =  ZH*,(?fi*;  CI,  shown  by  No.  12]  in 
the  Table.  The  bases  *'  which  contain  chloric  and  bromic-phenyl  act 
e.xactly  in  the  same  manner  as  those  which  contain  normal  phenyl ;  and 
hydnitod  ox^•a;p^  acids  act  procist'Iy  like  hydrochloric  acid ;  so  that  it  is 
possible  to  pnxluci'  a  grwit  number  of  salu  by  prejwing  tliese  bases,  nr 
hvdrides  uf  vice-amids,  and  then  siniplv  combining  them  with  hydratiti 
acids.  The  experimental  pn)cesses  are  in  some  cases  complicateii ;  i)iit 
80  far  lis  res|>ectii  tiie  theory  of  those  componnds,  nothing  can  l>e  simpler. 
The  entire  aniline  series  consists  of  salts  of  I'henylac  and  Phonyiaiii 
with  double  salts  containing  both  of  these  radicals,  and  with  a  few  mul- 
tiple and  inregiilar  salts.  The  differmoeB  in  the  aniline  salts  depeml, 
either  upon  the'iiature  of  thdr  negative  radicalB,  or  upon  certain  peculiar 
forms  of  double  and  triple  salts  which  admit  of  easy  explanation.  In 
consequence  of  this  great  rei^ailarlty,  I  shall  pass  over  all  duplicate  salts 
with  a  brief  notice,  and  only  dwell  upon  those  prominent  substances 
which  invite  critical  examination.  Dr.  Hofmann's  series  of  papers  on 
aniline,  in  which  tlie  methods  of  preparation,  and  the  properties  of  all 
the  salts  are  descrihc'd  in  detail,  beinir  easily  accessible,  in  the  Quarferif/ 
Journal  of  the  C/winiaU  tSod^fy,  I  shall  not  enter  nnn<H«r.v;<arilv  upon 
those  subjLKJts,  but  confine  myself,  a><  clos<jly  as  a  clear  nl  ntification  of 
the  compounds  will  permit,  to  the  discussion  of  formulae  and  names. 
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8]<  ZH,C"H*Br";  Br  «  Bromenic-phenylac  broma. 
Tribromaniline;  amabrophenofie  =  C"(H^Br')N. 


This  is  a  neatial  salt,  not  a  base;  a  broinide  of  an  amidogea  oon- 
faming  a  bfometiic  mdical. 

9].  ZH,CWC1« ;  CI  =  Chlorenic-phenyiac  cWora. 

Trichloraniline:  aniachloi)tiei»oso  =  C**(H*Br")N,  i/o/wiami.  Of  similar 
coDStitutioii  to  tbt'  itrfH-fding  salt 

10].  ZU,C'H*Bi';Gl  »  Bforaenio-phenylac  chloia. 

Chkrodibromanjliiie;  amachlobrophenose  «  C^HK!IBi*)N,  ^^^^miitii. 

u],  ZH,K;C"H*  =  Potassac  phenyla, 
Anllide  of  potassinm  =  KyKSCC'H*,  Mofmam, 

12].  ZH*,C^H*;  01  =  Phenykm  chlora. 
Uydiochlomte  of  amlioe  =  e'NH^HCl,  i^Hteac^. 

13].  ZH*,CW;Br  S8  Phenylam  broma. 
Hydrobiomate  of  aniline  =  C**irN,HBr,  Hofmann, 

14].  ZU%C"H';I  »  PheDyiam  ioda. 
Hydiiodate  of  aniline  «  <7*Hn7,HI,  Hofmam, 

I5j.  ZH^CH*Cl;Ci  =  CMoric-phenylam  chlora. 
Hydrochknateofchlonnilizie  «  GlH,C''(H*a)N,  iT^matm. 

16].  ZlP,C«H*Br;  CI  =  Bromic-phenylam  chlore. 
Hydrochlorate  of  broraaniline  =  CiH,C"(H*Br)N,  ifo/mawj, 

17].  ZHP,CH*I;a  »  lodic-phenylam  chlanu 
Hydrochlorate  of  iodaniline  =  C"(H*'1)>*,HC1,  IJifinaun, 

i8j.  ZiP^CH'!;!  »  lodio-phenylam  ioda. 
Hydriodate  of  iodaniline  =  C^U^TXMh  ffofinann. 

19].  ZH*,C*H^Br';  CI  =  Bromenic-phenylam  clilora. 
Hydrochlorate  of  (lii>romaniline  =  CiH,C''(H'Br')N,  Uofmann, 


ZH%CHXa;ai  _ 


Chloric-phenylam  chlofa 
bis  platic  chloia. 
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CWoranilme  and  bicUoride  of  platinum  =  CIH,(?»(H«CI)N  -f  CTPt, 
Hofinanii,  In  this  case,  and  in  aU  similar  cases,  I  use  the  plattc  atom, 
in  order  that  the  number  of  positive  radicals,  s  Ptc*,  may  equal  the 
number  of  negative  radicals  =  CI*,  and  tliat  we  may  thtis  get  rid  of  the 
necessity  of  assuming  the  eiiirtgnoe  of  iichkmdes,  the  article  on  ii» 
"  Piatinom  Bases." 

^  .  j  ZH»,CrH*I ;  CI  1      lodic-phenylam  chloia  bis 
]        Ptc»;  a«f  "  pkticchlora. 

Bichloride  of  platinum  and  iodanUine  =  C'*(HU)^',HCi  +  PtCl%  Ht^- 
matm» 

23].  ZH■,C•H^Hgc;  CI  =  Moric-phenylam  chlora. 

ChlorquicbOver-aniline,  6^77}^/m  =  C^'KHMlgd,  6«rAanft.  Hofinann 
has  analysed  a  salt  of  the  following  constitution : 

ZH*,CfH',Hgc;  Cl+2(HgcCl)sMerio-phenylamch]oiabismericcb]ore. 
aj].  ZH»,C»IP ;  N(>»  =  Phenylam  nitrite. 

Ordinary  name :  Nitmto  of  aniline.  The  composition  is  i-qnival  nt  to 
that  of  an  atom  of  hydratcd  nitric  acid  coml  'iri'  m[  with  an  atom  of  aniline  : 
the  hydrogt.'n  of  tlicse  two  compounds  Lxjing  just  sulii<  it-nt  to  convert 
the  amidogen  into  an  ammonium ;  as  explained  in  the  not«'  to  Na  7 J. 

ZH,CH» ;  H     +  HNO»  =  ZIP,e»H» ;  N0». 

Phenylac  hydra  -|-  Hydra  nitrite  =  Phenylam  nitrite. 
The  oompound  called  ^itianiline,  No.  54,  is  the  Amide  of  this  salt. 

34].  ZH»,(?H»;SO^  =  Phenylam  sulphete. 

Sulphate  ol  aniline  =  C'*N 1^0,30",  Zinm.  The  composition  is  e<|Tii- 
valr  lit  to  that  of  a  compound  of  an  atom  of  hydratcd  sulphuric  add  with 
an  atom  of  aniline : 

ZH,CH*;  H     +  HSO«  =  ZBP,C«H*;  S0«. 

Phenylac  hydia  +  Hydra  sulphete  «s  Phenylam  sulphete. 

25].  ZH",e'H*,Cuc ;  SO'  =  Ciipric-pheny lam  sulphete. 

Sulphate  of  coppmaddfrttiiline  =  C''NH^OttO,SO',  Gmdin^  Ho/mantu 

26].  ZIP,C"H*C1 ;  so*  =  Chloric-plienylam  sulphete. 

Sulphate  of  chloranUine  =  SO»,e«(HH:Jl)N  +  HO,  MoJmaiUL  Compne 
the  following  two  fonnula: 

No.  21.  ZH,CH*Ci.  II 
No.  26].  ZIP,CHX^i;  SO'. 

Hofmann  calls  No.  a]  Chloraniline,  and  No.  a6]  Sulphate  of  chlom- 
niline,  and  his  formula  are : 
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C'«|^'|  N     and  SCy,C'*|^'|  N  +  HO. 

Those  names  and  formute  effectually  hide  the  important  fact,  that 
No.  2]  is  a  salt  of  an  amidpgen,  and  No.  26]  a  salt  of  an  ammonium, 
dncfa  is  Uie  result  of  the  adoption  of  bases  "  instead  of  ''basic  radicals.*' 
Thej  darken  what  ihey  are  intended  to  enlighten. 

37].  ZH'.CH^I;  SO"  =  lodic-phenylam  sulphete. 

Sidphato  of  iodaniline  =  C'*(U  J; N^HSO*, /To/monn. 

28].  H;  ZH,CH»;  SW       =  Hydra  phenylac  sulphenite. 
29].  Ag ;  ZH.CII' ;  8*0*      =  Argenta  phenylac  sulphenitft 
30J.  Ag;  Z,C^H*,C«H*;  S*0»  =  Aigenta  bemEylio-phenylac 

sulphenite. 

These  three  salts  are  all  sulphites,  and  are,  therefore,  Ijibasic.  See  page 
171.  No.  28J  has  an  atom  of  hydrogen  replaceable  by  a  positive 
radical,  and  on  that  aocoont  is  called  by  Hoimann  an  "  add."  No.  29] 
is  the  silver  salt  of  that  add.  No.  30]  contains  benzylio-phenyl  in  place 
of  normal  phenyl,  bat  in  other  respects  it  ia  the  same  as  No.  29J.  Hof* 
mann's  formnla  for  No.  28]  is  HS0H:;^IPN,S0',  and  his  name  is  Sul- 
phanilic  acid.  Both  name  and  formula  ignore  the  existence  of  a  sulphite. 
G  :l  ardt  r;i!ls  it  Phenyl-solphamic  acid,  and  aWv^i  it  the  formula 
C'*1I'N\^*0''.  i\riller  gives  two  formute :  h6,C'^H\HN,S«0'  and 
HO,C''H'^S'0'.  Gerhardt's  name  and  foimola  for  No.  30J  aie  as 
follow : 

(C'*l \'i<Hy         Azotiu-e  of  sulphophenyle 
N<C'*HH/     =       of   benzoUe    and  of 
[Ag  silver. 

By  this  ingenious  soperstmcture  a  bibasic  neotnd  sulphite  is  made  to 
look  like  an  ammonia.  Gerhardt  calls  No.  29]  Snlphanilate  (or  phenyl- 
aulphamate)  of  silver  a  C*«H«AgNS*0«.  Consult  Azotic  Radicals, 
No.  331],  also  the  section  on  Conjugated  Acids. 

31].  (ZH.C'W  i  6'(fy  +  UCy  =  Bis  phenylac  sulphenite 

cum  hydra  cyaua. 

According  to  the  formula,  this  salt  is  a  compound  of  two  atoms  of  a 
hyposulphate — see  page  172 — with  one  atom  of  hydrocyanic  acid. 
Hofmann  gives  the  following  account  of  it: — "Concentrated  .sulphuric 
acid  forms  with  Melanilinr-  (see  No.  63)  a  copnlntod  sulphuric  acid, 
whieh,  as  it  appears,  possesjies  tiiis  remarkable  cninj)i).siti()n,C**H"N'S*0'*, 
which  ( rvslallis.  s,  and  proiluces  soluble  salts  with  ail  bases."  ^uppk- 
mnte  zum  JJaudicorterbuche  (Ur  Chemiet  271. 
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32]  to  35]  are  phosphates  of  ])lu  nylam,  which  do  not  roqiiiro  p:ir- 
ticular  notice ;  No.  32]  is  the  monobajiic  &ilt.  Nos.  53]  and  34]  are 
trilMsic;  and  No.  35  j  is  tetralwisic,  or,  as  it  is  rxjnimonly  calk-d,  bil/asic. 
See  page  142.    They  aro  all  given  on  the  authority  of  NichoLsou. 

36j.  ZH%C«H*;  CO*  «  Fbeaylam  carbete. 

Keutzal  oxalate  of  aniline  =  (70^,CIFN  +  HO,  Hrfmam.  The  com> 
position  of  this  salt  is  eqnal  to  that  of  an  atom  of  bjdiated  oxalic  acid 
and  an  atom  of  aniline : 

H,CO*      +  ZH,(?H»;H    «  ZH%C*H*;CO*. 
Hydra  caibete  +  Phenylac  hydra  »  Phenylam  carbet& 

37].  ZH%C«H*I ;  CO*  =  lodic-phenylam  carbete. 

Oxalate  of  iodaniline  =  e*(H«l)N3CH>',  Hofmann. 

38].  ZIP,C«H*Br ;  CO*  ^  Bromic-phenylam  carbete. 

Oxalate  of  bromaniline  =  C'0»,C"(H«Br)N,HO.  Mo/nutmL 

.  jZff,C»H*Cl;  00«)      Hydra  chlorio-phcny lam 
39>  \  H;00«f  "  carbenote. 

Binoxalate  of  chloraniline  =  aCW,C'«(H«CI)N  +  HO,  Iloftnann. 

40].  ZH,CIP;  CO  -  Phenylac  au-U'te. 

Oxanilide  =     C'*H''N,(  <    =  C**H«iiO*l 

Gerhaidt^s  name  is  DipheQyl-<ixamide  or  diazotare  of  dj])Iienylc  and 

f  C0« 

hydrogen  =  C>*H"N«0*  =  N«<(C«H*)« 

Oxanilide  is  tlie  amid  of  the  amnion lum-salt  No.  :^6],  viz.: 

ZH»,C"fl*;  ay  -  HHO  =  ZH.CH*;  00. 

^  .  JZH.CH'jCOl  _  Phenylac  carbete  com  amida 
(ZH*      ;  OOf  carbete. 

Oxanikunide  =  C»«H"N«0*  =  C»«H*N,CO";  H*N,C«0«,  /I'fmam.  A 
double  &.dt  containiug  the  amid  of  the  ammouiuiu  series  and  tiiat  of  the 
phenylani  series. 

42].  ZH,C'H';GH0  »  Phenylac  formylate. 

FonnaniMe;  phenyl-formiamide ;  azoture  of  phenyl,  of  fomiyl,  and  of 

few 

hydrogen  =  (?^H'NO  =:  N  jCHO,  Gtrhardt  {IMte  de  Ch.  iv.  775). 


I  Uofmann. 


Digitized  by  Google 


OXAKIUC  ACID.  287 

A3]  to  49].  For  each  of  these  fleven  salts  Gerhardt  has  a  pair  of  for- 
mula, and  a  set  of  three  namos  on  the  model  of  those  which  I  have  cited 
in  the  note  to  No.  42].  It  is  useless  to  quoio  them«  In  aU  salts 
of  this  description  he  makes  the  negative  radical  jjlus  the  oxygen,  equal 
in  chemical  power  to  H'  or  to  C*H*,  as  against  the  atom  of  N.  Now 
this  is  not  accurate,  because,  as  I  am  showing  by  hundreds  of  cxampks, 
the  cheniic;il  |K>wers  \with  of  H  and  ClI^  aie  paralysed  as  long  as  tliey 
form  part  of  an  amidogen.  'Du*  pt^jucr  of  attraction  exists  therefore  be- 
tween thi^  n('g;iti\»'  raditiii  v\ith  its  <jxyij;t  n  and  Z  ccjnsidcrcd  tcith  its 
appeiuiuye  oi  two  mdicals^ — ius  one  radical ;  and  it  is  quit^j  wrong  to  re- 
present and  0*H*as  having  indi^idnally  in  these  compounds  the  same 
chemical  power  as  the  ooddis^  negative  xadical.  The  type  anmionia" 
applied  in  this  fashion  is  a  mere  Will-o-the-wisp,  which  serves  only  to 
lend  one  astray.   See  pages  209  to  314. 

50].  H ;  ZH,C«H*;  CKf  «  Hydra  pheuyJac  carbenite. 

Oxanilic  acid ;  pbenyl-ozamtc  add  =  C'H'KO^,  Gerhardt.  Ozanilidic 

arid  ;  auiloxamic  acid  ^  HO,^^;  C'»H«N.eO«  =  HO,C«|^^'^C«0*, 

Hofmann.  This  is  a  dou1)](  Siilt  on  the  model  of  oxamic  acid,  being 
formed  of  the  amide  ZH,C*H* ;  00,  in  combination  with  hydrated  oxalic 
acid  HCO'.  The  hydrogen  of  the  lattor  is  replaceable  by  a  metal,  and 
it  gives  rise  to  a  variety  of  salts  of  ^\  liich  No.  51 J  \&  a  model.  They  are 
commonly  called  OxauUates.    bee  page  227. 

51].  Ba;ZH,GV;CK)^  s  Baiyta  phenyhKS  caibenite. 

There  are  numerous  salts  of  similar  constitution,  containing  ZH*,Ag,Ga, 
and  other  positive  mdicals,  instead  of  Jtku   jSee  page  227. 

ZH^  CH*-  CO*  1 1  "henylam  piienylac  carbemte 
ZH  W-  00  f       f phenylac  cai^ 

An  ins]^ction  of  the  formula  convinces  us  that  this  is  a  double  or  acid 
salt  belonging  to  the  series  50]  ^d  51].    Acid  oxanilate  of  aniline 
=  C'W(HO'«HnS^)NO«,C'«H'NO",   GerluirdL  0*^ll\zOmW(f^ 
Unieiiu.    The  formula  given  by  Hofmann  is : 

C'«H'N,HO,C'|^^C*0»  +  HO,C?|^^<?0" 

53].  H;  ZU,eH^  (ClPyO*  =  Hydra  phenylac  succinylenite. 

This  compound  is  similar  in  constitution  to  No.  50],  excepting  that  its 
acid  ladicals  arc  socdnyl  instead  of  carbon.  It  is,  of  oourae,  the  amided 
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acid  that  is  formed  by  the  abstiactioD  of  UHO  £rom  the  hisoodnate  of 
phenyiam : 

IZH*,C"IP;  <?BW\  IH,H01  _  {Zll^OW;  OWO  ) 
\        H';CTPO»f"\        f"t  ff;<?H*0»f 

H'  is  rrplaccalilt*  l)y  a  positive  radical.  See  pairc  228.  The  names 
usually  given  to  the  salt  No.  53]  art-  Succinanilic  arid,  Anilosuccinamic 
arid,  and  Phenvl-succinamic  acid.  Fonnuko :  C*'Mi*'0'  =  C"(CHX)") 
AdH*,<)\  Gmelin.    C*H«(C'*H*)NO»,  Gerhardt. 

Hofmann. 

54J.  ZH,C«H*;NO«  =  Pheoylac  nitrete. 

Nitraniline  =  eXH«N(y)N,  Hofmann. 

^ , .  j  ZH,CTi» ;  NO*  1      rhenvlac  nitrete  cum  hydra 
\  H;  CI    f  *  chfora. 

Hxdrocldorate  of  nitraniHne  =  C'*(HW)N,HC1,  Ilofmarm. 

Tbe  formuLee  which  I  have  given  to  54]  and  55]  dii)er  fuDdani>  ntaUy 
from  those  which  arc  criven  to  those  salts  by  l>r.  Hoftnam,  He  con- 
siders nitraniline  to  be,  like  aniUne,  a  6ase,  lout  a  base  in  which  H*  is 
replnrod  bv  Nf  )^  That  notion  would  cause  the  formula  for  54]  to  be 
ZII.(  "  H*N< :  H;  and,  correspondingly,  the  formula  for  No.  55]  to 
be  ZH  '.C'H^NO* :  01.  Those  two  fornuil.e  present  to  ns  phenyl  in  the 
c<>mlili(.ii  (>(  a  vice-radical  that  contains  NC/  in  place  ot"  H' ;  the  viot- 
pheuyl  forming,  as  usual,  a  phenyUic  and  a  phenylam,  thus : 


Ko.  54].  =  ZII.C«TI*Nr)«;  H 
No.  55].  =  ZH%<?H*NO»;  a 


I  considi  r  that  tliis  method  of  looking  at  the  transformation  which  this 
salt  undergoes  is  incorrect  I  will  not  decline  that  NO*  curaoT,  toidbr 
an^  drcumstanoeSf  form  part  of  an  amdogm  or  an  ammanhm^  bat  I  am 
sceptical  on  the  point,  and  I  find  no  evidence  to  prove  it  in  tbe  case 
of  nitraniline.  On  the  contrary,  it  seems  to  me,  that  nitianiline  is  a 
neutral  salt  which  has  normal  phenylac  for  its  basic  radical,  and  nitrogen 
(with  0^)  for  its  acid  radical ;  constituting  what  is  commoiily  called  a 
•«  nitrite,*^  with  the  radical  (ZH.CTi»)  for  its  base. 
Let  us  examine  the  characters  of  nitraniline : 
Nitraniline  affords  not  the  slip:)) test  reaction  \vith  test  papers;  even 
ro^p-pjUwr,  which  is  so  exceedingly  sensitive  for  alkalies,  is  not  at  aU 
afiected  by  it  ...  .  Nitraniline  displaces  none  of  the  metallic  oxides 
from  their  acid  compounds ;  it^  basic  properties  arc  exceedingly  w«ik. 

Aniline  displaces  this  base  from  all  tt>  salts  Altliough  nitraniline 

is  so  weak  a  base,  it  combines  with  acids,  a^brding  crystallizabl^  sails, 
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which  posaeas  the  same  oonstitatioti  as  the  oorreapotiding  aalts  of  anfline. 
All  its  salts  ai-e  cl  cideclly  acid  to  test  papers.  They  are  decomposed 
by  the  caustic  and  carbonated  alkalies,  nitranilinc  se))arating  in  a  crystal- 
line form,"    Hofnmnn  and  Muspratt^  Memoirs  Chem»  Soc.^  iii.  122. 

I  have  formukted  nitraniline  as  the  amide  which  corresponds  to  Phe- 
nylani  nitrite  No.  23],  namely,  to  the  salt  which,  in  the  usual  language 
of  chemistry,  is  called  Initiate  of  aniline : 

No.  23]  =  ZIP,C«IP;  N0»  -  HHO  =  ZH,C«H»;  NO  =  No.  54]. 

The  characteristics  of  nitraniline,  quoted  from  Hofmann  and  Muspratt's 
account  of  it,  agree  precisely  with  such  an  amide.  It  is  neutral ;  its 
combinations  with  acids  are  very  acid ;  it  cannot  act  as  a  1  asc  (a  j)re- 
cipitant^;  and  it  is  easily  soparat'-d  from  the  acids  with  which  it  com- 
bines, by  anv  ba^c-  oven  by  aniline. 

I  conchid*'  from  thei^e  particulars,  that  nitraniline  is  an  amide,  agreeing 
vvitli  t}\i;  formula  ZH,C*H*;  NO*;  that  it  is  not  a  base,  and  that  there  is 
no  pixKjf  that  its  radical  phenyl  =  O'H*,  is  changed  into  CH^XO*.  The 
salts  of  nitraniline,  Nos.  55]  to  38J  are  cunsi>t<  iit  with  these  opinions. 
As  each  of  them  contains  an  atom  of  free  IivdictLi  U  acid,  one  can  easily 
account  for  their  acid  reactions  in  accordance  with  the  description  which 
I  have  cited  from  Hofmann  and  Muspratt. 

56].  ZH,CH*;  N0«  +  Ha  +  aPtcCl  ^  Phenylac  nitrete  cum 

hydra  chlora  bis  platic  chlora. 

DouM*'  salt  of  hvdrochlorate  of  nitraniline  and  bichloride  of  platinum 
=  C'«(H»NO*)N,HCl,PtCl*,  Hofmann. 

57].  ZH,C"H»;  NO*  +  2HCO*  s  Phenylac  nitrete  bis 

hydra  carbete. 

Binoxalate  of  nitraniline  =  C"(H^^O*)N,HO, 2 ( C'0*,UO),  if^mann. 

58].  ZH,CB»;  NO*  +  HCyO  =  Phenylac  nitrete  cum 

hydra  cyanate. 

This  is  a  combination  of  nitraniline  with  hydrated  cyanic  acid.  It  is 
produced  during  tlie  action  of  chloride  of  cyanogen  on  nitraniline,  and 
subsequent  treatment  of  the  product  with  water.  Hofmann  caUs  it  car- 
bsmKie^njtroGarbanilide,  and  he  gives  it  all  the  following  fonnultt: 
e^H'NW  «  C"(IFNO*)NH)*  =  Nff,00;  C'»(H*NO*)N,CO. 

This  compound  appeals  to  me  to  be  precisely  analogous  to  No.  55], 
and  if  that  salt  is  to  be  supposed  to  contain  an  ammonium,  this  t»lt 
should  also  contain  an  ammonium ;  in  which  case  58]  would  be  a  urea 
— the  cyanate  of  an  ammonium,  containing  peroxide  of  nitn^n  as  sub- 
stitate  for  H',  thus :  ZH',G%*,  NO' ;  CyO.  Now,  I  am  not  disposed 
to  admit  tliat  the  replacement  of  H  in  an  ammcMiium  is  ejected  N, 
or  O,  or  NO^,  without  much  better  evidence  in  support  of  that  asaump- 
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tion  tli  in  any  that  has  yet  been  suppli«i  Hofinana,  indeed,  doea  not 
describe  this  compound  as  containiDg  an  aniraoDinm ;  on  the  contrary, 

he  urges  oiir  acceptance  of  the  itK-a,  that  it  is  a  carbamide ;  but  there 
exist  precisely  the  same  objections  to  the  admission  of  NO*  into  an 
amidogen  as  to  its  admission  int<j  an  ammonium,  and  you  can  have  no 
carbamide  without  a  \mr  of  amidogens — and  probably  none  even  with 
them.    See  the  carl>ami(le  theory,  page  221. 

59].  (ZU,C"H^;  JNO*/    HCy  «  Bis  phenylsc  nitrete  com 

hydra  cyana. 

This  salt  is  prodaoed  by  the  action  of  chloride  of  cyanpgen  apon 
nitraniline.  See  Hofinann,  QuarfeWy  Journal  qf  the  Chmkd  Societif 
(1847),  i.  305.   Hofinann's  name  and  formula  are  Dinitromelaniline 

=  ^'|2N0*1^'*  analysis  shows  H'«  and  not  H".  The 

experimental  per  centige  of  H  was  3*9^.  The  th<v)retical  per  centage 
of  II'M^  3-65.  that  of  ir*  is  3  '96,  and  that  of  H'^  is  4*  29.  Hofmann*s 
formula  with  if*  produces  the  formula:  ZRn'IT^ :  N0*  4-ZH,C*H*; 
NO'  -f.  Cv.  T  cannot  understiind  how  C'y  can  i>e  present  in  such  a  salt 
with  no  radical  in  combination  with  it,  and  I  assume  that  the  true 
rjuantityof  H  is  H'*,  wliich  number  dillers  uo  more  fmrn  the  fcX[>erinicntal 
quantity,  H'*,  than  the  theoretical  number,  H",  that  was  assumed  by 
Hofniann.    H'^  gives  us  formula  59].    See  the  note  to  No.  60]. 

60J.  (ZH,C*il';  NO*)*;  CyCl  =  Bis  phenylac  nitrete  cum  cyana 

chlora  (or  cyanyl  clilora  ?) 

This  salt  was  prepared  in  the  same  manner  as  No.  59],  Hoftnann's 
name  and  formula  are :  Hydrochlorate  of  dinitromelaniune 

In  thi.s  case  llofinann's  formula  agrees  (in  the  number  of  ultimate  atoms) 
with  mine,  wliich  contlrms  tlie  [jroprietv  of  the  assumption  of  one  addi- 
tional atom  of  iiydiogeu  which  1  have  made  to  complete  the  formuhi  for 
No.  59]. 

61  j.  (ZH.CH';  NO*)*  +  CyCl  +  aPtcO  =  Bis  phenylac  nitrete 
cum  cyana  chlora  bis  platic  cMora. 

The  platinum-salt  of  No.  60].  Hbfinann*s  name  and  Ibrmnla :  Bi> 
chloride  of  platinum  and  dinitiomelaniline 

-c"{  »;[n,  c"{jJ{;)NCy.Ha.Pta'. 

62].  ZH,C*H*;  Cy  -  Phenylac  cyana. 

'  Cyaoanilide ;   phenyl-cyanamide ;  anilidc  c}  ani(|ue ;    discovered  by 
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Cahoure  and  Cloez  =  CWN*  «  N(C'*H*)CyH,  GerhmxlL  CyaniliUe 
=  eWNCy,  mfmofm, 

Phenylac  cyana  cum  phenylac 

hydiii. 

Phenylac  cyana  cum  pbeuylam 
chlora. 


6,1  |ZH,CW;Cy 
^5 J-  \ZH,CW;  H 

J  ZH,  C«H' ;  Cy 


^4]-  jzH'.CH'i  CI 

,-1  I 

IzmCH';  Br 

ZH,C'IP;  Cy 


jZH.C-H*;  Cy 

{zH^c•iI^  1 

iZH,C-H»;Cv 

so* 

ZH,  C«H^  Cv 


68].  { 


Phenylac  cyaua  cum  phenylam 

))roma. 

Phenylac  cyaoa  com  phenylam 
ioda. 

Phenylac  cyana  cam  phenjiaro 
sulphete. 

Phenylac  cyana  cum  phenylam 
nitrite. 


Here  aie  half-a-dozen  doable  salts  that  exhibit  great  similarity  in  com- 
position. Their  characteristic  salt  is  Phenylac  cjana,  No.  62],  which 
occurs  in  all  of  them.  The  other  salts  of  these  compounds  have  been 
already  described  individually.  No.  63]  contains  No.  i];  No.  64] 
contains  No,  12] ;  Na  65]  contiiins  No.  13] ;  No.  66]  contains  No.  14] ; 
No.  67]  contams  No.  34] ;  No.  68]  contains  No.  23.] 

If  we  begin  our  examination  of  these  compounds  witli  No.  63],  we 
perceiro  that  this  salt  produoes  all  the  others  by  direct  combination  with 
hydrated  acids.  Thus, 

No.  63]  4.  HO  Hydrochloric  add  »  Na  64^ 

63*  +  HBr  Hydrobromic  acid  =  65' 

63 J  4-  HI  Hydriodic  add      =  60 

63]  +  HSO*  Sulphuric  add     =  67' 

63]  +  HNO»  Nitric  add.         =  68] 

The  hydrogen  in  phenylac  hydra  added  to  the  hydrogen  of  each  acid  is 
just  enough  to  convert  phenylac  into  phenylam,  or  produce  an  ammonium 
from  an  amidpgen.   See  the  explanatory  note  after  No.  7]. 

Now  let  us  turn  to  the  account  of  those  salts,  that  has  been  given  by 
Dr.  Hofinann,  their  discoverer.  You  nHH  find  it  in  the  Quarterly 
Journal  of  the  Chmixtl  Society  (i  847},  vol.  i.  p.  285. 

No.  63  ]  ia  called  Mblaniunb,  and  it  is  said  to  have  these  characters  : 
^  It  is  a  new  conjugated  alkaloid.  A  conjugated  base  which  saturates 
only  one  equivalent  of  acid.  It  has  scarcely  any  action  on  vegetable 
colours.  It  is  only  slightly  soluble  in  cold  water.  It  dissolves  easily  in 
all  acids,  and  with  most  of  them  forms  crystallised  salts.  With  respect 
to  its  basic  properties,  melaniline  is  nearly  allied  to  aniline.  An  aniline 
salt  cannot  be  decomposed  by  melaniline,  nor  has  aniline  any  action  on  tho 
salts  of  the  other  base.'' — Hofmaim. 

172 
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There  is  not  one  of  these  characters  that  is  not  perfectly  consistent 
with  the  formula  which  I  have  given  to  the  oompotmd  in  No.  63].  The 
reason  is  evident  why  it  saturates  only  one  equivalent  of  add ;  namely, 
because  it  contains  only  one  replaceable  atom  of  hydrogen.  The  action 
of  vegetable  colours  results  from  the  presence  of  the  H'  of  the  aniline 
atom,  but  as  the  compound  is  only  slightly  soluble,  the  solntion  can  have 
onlv  a  feeble  action.  Anilin*'  lias  no  action  on  salts  of  meiauiline,  because 
pheiiylac  can  displace  neitiier  ]»heTiylac  nor  plienylam, 

Tiie  name  melaniline  was  adopttxl  in  consequence  of  a  relationship  or 
an  analogy  wiiich  Dr.  Hofmann  su])|)(  )sed  to  exist  between  this  l>o<ly  and 
the  compound  that  is  usually  called  melamiue.  According  to  my  way 
of  fbrmniating  these  two  compoandS|  they  are  as  foUow : 

Melamine  =    ZH*,Cyl  =  Amida  cyanyla. 

meiamime  =  ^^H,  CH*;  H  /        phenylac  hydra. 

The  relationship  ihat  exists  between  these  two  compounds  is  certainly 
very  distant ;  a  sort  of  Sootch-consinship  a  great  man?  times  removed. 

Dr.  Hofmann  is,  however,  quite  right  in  the  following  statement. 

From  the  mode  in  which  it  is  formed  (viz.,  by  the  action  of  chloride 

of  cyanogen  on  aniline)  the  basic  atom  of  melaniline  may  be  regarded!  as 
an  intimate  combination  of  aniline  with  cvanilide,  whence  the  rational 
formula  of  the  new  compound  assumes  the  following  shape : 

<?W*N»  t=  C»«H«NCy,  CWN.*^ 

Melaniiine*        Cyaniiide.  Aniliae. 

This  equation,  transformed  into  my  notation,  is 

ZHira*  •  U  1  "  Cy  +  ZH,CfH»;  H. 

No.  63]      »     No.  63]     +      No.  i]. 

llol'mann's  names  and  tummlu:  for  the  salts  Nos.  64]  to  68j  are  as 
follow : 

64I  Hydrochlorateofmelanilin.'  =  CT1'»N',HCI. 

65  .  Hvtln.bromateof  melanilme  =  C^'"N',H13r, 

66'.  Hydiiodale  of  melaniline  =  C^^H'^N'^HI. 

67'.  Sulphate  uf  melaniline  =  C^H^NMiSO*. 

68J.  Nitrate  of  melanihne  =  CrH'«N»,HN(/. 

He  has  given  another  series  of  formuls  for  these  salts  similar  to  the 
following  example : 

Na64]  =  C«H^N,C'«H«NCy,Ha. 
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For  mdaiuEiie,  Na  63],  he  has  proposed  the  fire  following  fonnnlee : 


4.  NIP  4-  An*,Ad,Cy. 

where  An  ^ 

Ad  »  NIP. 

5.  (C'«H7 


Cy  N. 


(H*N) 


!•  OTI«N», 

J*  H    )      H  ) 

H     VN,  Cy  VN. 
C"H*  j      C»«H»  J 

ZH  C^»  H  i  I  ™  phenylac  cyana  cum 
ZH  CH*  -  Cv         H  phenylac  hydra  cam  ar- 

Zii\OlL\  Ag ;  NO-  f  I         gentio-phenylam  nitrite. 

This  compound  will  be  understood  by  comparing  the  formula  with 
Nos.  63]  and  68] ;  considering  it  to  be  a  compound  of  these  two  salts, 
and  that  the  radical  phenylam  of  No.  68]  is  replaced  in  69]  by  the 
radical  arc^ntic-phenylain  ;  or,  in  otiier  words,  by  sup|>osing  that  two 
atoms  of  No.  6:5]  combine  with  one  atom  of  nitrate  of  silver,  Asr^NO*, 
to  form  the  fl  ul  l  .'  or  acid  salt  No.  69].  lioiin  uiirs  names  and  iunniilie 
are  :  Nitrate  oi  silver  and  melaniline  =  2  ^^H'^N^),  Ag,  NO'  = 
2(C»*H'N,C'"H'NC5%), AgNO« ;  and,  in  another  place,  Nitrate  of  pro- 
tcndde  of  silver-melaniline  =  AgO^NCPfiC^'^N*.  He  says  the  com- 
poidtioD  is  somewhat  imcommon.''  It  ia,  however,  by  no  means 
imcommou  to  find  ammoniums  that  contain  metallic  radicals  in  sub- 
stitntion  for  hydrogen.  It  is  only  uncommon  to  find  oiganic  chemists 
who  admit  the  fiu:t  that  such  ammoniums  exist. 

{ZH,  CH* ;  Cy  1  1  u  a 

zH%c»H^  co4  *  ^^i;^^"', 
H  -  00*1  phenylam  bicarbete. 

Hofmaim's  Binoxalate  of  melaniline  =  C*H"N'0»  =  C~H"N",HCK)S 
«  C'WN,C"WNCy,2(HCH)*). 

.  jZH,C«II*Cl;  Cy)      Chloric-phenylac  cyana  cum 
lZH,CH*Ci;  H  (  ^     chloric-ph«nylac  hydra. 

Hofinann's  Dichloiomelaniline  =  G"(U"C1*)N*. 

n  JZH,C'H*Br;  Cyl      Bromic-phenylac  cyana  cum 
|ZH,C^*Br;  H  f  "     biomic-phenylac  hydra. 

Hofmami's  Dibromomelaniline  =  C*'(H"Br*)N', 

j  ZH,C^H*I ;  Cy  \      lodic-phenvlac  cyana  cum 
73>  \ZH,C*H*I;  H    i  ^     iodic-phenylac  hydra. 

Hofinann's  Diiodomelaoiline 

=  <r(IP»P)N»  =       jj^^"!  N,  C*  NCy. 
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Compare  Nos.  71],  72],  7^]  with  No.  63].  Thev  agree  exactly, 
excepting  that  tlie  phenyl  of  63]  is  replaced  by  chloiic-,  bromio-,  and 
iodic-plionyl  in  the  other  salts.  The  salts  remain  the  same  in  stmcture 
and  in  geueial  properties. 

T  J  ZH,  CTI*Br ;  Cy  \     Bromio-phenylac  cyana  cnm 
7'fr>  lZH»,C«H*Br;  CI  f  "     bromio-phenylam  chlora. 

Hoftuann's  Hydiochlorate  of  dibroraomelaniUne  «  C»(H"Br*)l!^*,HCi 

=  C-jg;[N.C»g}N,Cyaia 

fZH  C"H*  •  Cvl 
1  J  y  OS  r«u»  *  PI  I  _  Phenylac  cyana  aim  phenylam 
75J.  ^/.H     11  ;         -     ^^j^  ^ 


Hofmann's  Bichloride  of  platinum  and  mdamline  »  CrH"JN'HCi^tCi* 
«  C»H^,C'WiJCy,Ha,PtCl«. 


fZH,  C*H* ;  Cv  I  Phenylac  cyana  cum  phe- 
^ZIP^CH';  Ci  }  >=  nylam  chlcna  tria  anric 
(      Auc^;  a*   J  chlora. 


Hofraann's  Tr  rchlf.rldo  of  gold  and  melaniline  «  C^H'^K'^ajAuCi* 
=  C«H'JN,C'*H''iSCy,HCl.AuCl\ 

rZH,  CB*Ci ;  Cy]      Gbloric-pbenylac  cyana  cnm 
77].  {ZH'.e^'CI;  CI  \  s     chloric -pbenykm  cUon 
[         PtcP;  a*J         biB  platic  chlonu 

Hofmann's  Bichloride  of  platinom  and  dichloromelaniline 

=  C^(H'^Cl*)N»,HCl,PtCl«  =  a*  I Q I N,    C'«  |q  I  N,Cy  ,HCl,PtCi* 

{ZH,  CHMV ;  Cy )       Bromic-phenylac  cvana  cum 
ZlP,C^lPBr;  ci  I  =     bromic-pheuylam  cWora 
Ptc* ;  a«J         bis  platic  chlora, 

Hofmann's  Bichloride  of  platinum  and  dibromomelaniline 

s  C"(H»'Bi*)  N\Ha,PtCl«  -  C'«  N,Cy,HCl.PtCl» 

This  salt  is  prodii'^r^l  })y  the  action  of  cyanogen  on  melaniline.  Hof- 
mann  giv&>  it  the  uuine  of  Dicyanomelaniline,  and  hberally  assigns  to  it 
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six  different  fbrmole,  which  give  us  certainly  the  opportonity  of  choice, 
bat  necesBBiily  accompanied  by  its  embamusments: 


Giiiolin's  name  and  formulaB  are  Bicviimm  lauiliu  =  C*^Cy^Ad*H',H'. 

Compare  No.  79]  with  No.  63.]  There  really  seems  to  be  no  difficulty 
in  (he  matter,  and  no  necessity  to  manhal  each  an  anny  of  knavls. 
The  tcanslbnnation  which  takas  place  in  this  process  is  of  the  simplest 
possible  character.  Two  atoms  of  cyanogen,  combine  with  one  atom  of 
melaniline,  converting  H'  from  a  negative  into  a  positive  radical,  and  pro- 
dncing  a  triple  cyanide.    But  let  us  listen  to  Dr.  Hofmann^ 

In  dicyanomelaoiline  the  basic  properties  of  melanillne  are  still  per- 
ceptible :  they  appear,  however,  less  prominent  than  in  the  descendants 
of  substitution.  The  cvaiiorr.-!)  I'fiso  dissolvos  with  great  ficilitv  in 
diliito  acids  in  the  cold  On  adding  ammonia  to  the  acid  solution,  a  few 
mf)m«  iU.s  af>er  it  \v.\s  been  made,  a  while  pi-ecipitate  is  tiiruwn  down, 
consi.>tini;  ol'  unaltered  dicyanouiLlaudine.  I  have,  however,  vainhf  tried 
to  prepare  salts  of  this  Utae,'' — Hqfmann^  Quarterli/  Jour,  Chem,  Soc. 
1848,  i.  309. 

I  have  vainly  endeavotued  to  piodoce  ciystallized  combinations  of 
di^anomelaniline  with  adds.  In  &ct,  the  onlv  experimental  evidence 
of  the  basic  nature  of  this  substance  is  the  remarkable  ftdlity  with  whidi 
it  dissolves  in  mineral  as  well  as  vegetable  acids." — Idm^  1849,  il.  307. 

Thos4  who  look  at  formula  No.  79]  will  feel  little  surprise  that 
Dr.  llofuiann  should  fail  in  preparing  i^ts  l>y  adding  acids  to  such  a 
"  base."    They  will  feel  more  surpriM-  that  he  should  attach  to  the  word 

base"  a  meaning  with  so  wide  a  latitude. 


C"H"N»  =  Cy*,C"H"N»  =  CyCH^N ;  Cy,C>WNCy 
=  C»«BPN.C'*H«NCy  I      =  NH«(aAnCy,AdCy) 


(ZH,C^*;Cy  1 
79-j.  {ZH,CW;  Cy  \  = 
I        Cy;CI  ) 


Aiuiinumnieliue  =  C^.N^H'*0*,  Gmelin, 


Digitized  by 


296 


CRITtCAL  K0TB8  ON  TKB  SALTS  OF  AMIUNE. 


P  T  j(ZH,C*H^  Cv)*l      Tris  phenylac  cyan*  CQiD 
]  ZH,OW;  H    f  =     phenylac  hydra. 

Compare  with  Nos.  62]  and  63].  Aooording  to  Hofinann,  when 
melaniliae  is  heated,  aniline  dist  ik  over,  and  leaves  a  residue  that  has  the 
following  composition ;  C**H"*N^ ;  and  he  says,  **  The  simplest  inter- 
pretation of  this  formola  consists  in  reg-arding  it  as  a  oomponnd  of  the 
aniline-melion  with  three  equivalents  of  aniUne. 

Mellon  .   .    .  C'N* 

Aniline-meUon  .    CNYC'W)  «  C'»H*N* 

•*  If  this  fornuila  actually  represents  tlie  compObJtion  of  the  Ixxiy  in 
question,  its  lomi.itioii  would  be  the  result  of  the  separation  of  two 
aniline  aiouis  from  three  equivalents  of  melaniline. 


'^Quar,  Jour.  Chem.^>oc.  ii.  323. 

This  oonclnston  is  correct ;  bat  why  does  he  go  to  it  by  so  roasd- 
abont  a  piucess?  What  have  we  to  do  with  mellon  or  aniUne-meUoo, 
or  with  OR\  or  C"H*,  or  C'H^N*?  The  process  and  its  interpretation 
are  extremely  simple,  and  require  none  of  these  iar>fetched  InmiDarisi 
to  enlighten  them.   Thus : 

Used.  Ohtuocd. 

fZH,C»H*;  Cy)  |ZH,CW;  Cv) 

ZH,C»H» ;  Cv  (  _  J  ZH.CH» ;  Cv  I       i  atom  of 

3atomsof  JZH,C«H»;  cV  ~  IZH.C'H^  cVf  "   Na  80]. 

No.  63]    )  ZH,C?«* ;  H  I  I  ZH,C*H* ;  H  | 

ZH,C^*;H)  jZH,C«H»;Hi   _  a  atoms  of 

lZH,C*d»;  H  (  tZH,eH»;  H  (  "     Na  1]. 

81I.  ZCH^C  II' ;  Cy    =  Methylic-phenvlac  cvana. 
82I.  ZC«H*,C*H* ;  Cy  =  Ethylic-phenyiac  cyuna. 
83].  ZCW,CW;Cy  =  Amylic-phenylac  cvana, 

Thc5:o  salts  :ire  so  simple  that  they  require  no  explanation.  Gerhsrd^s 
names  and  Ibrmul®  are  as  follow ; — 

fCFP 
fC*H* 
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g  -J  I  Amyl-phenyl-cyanamide,  or  Ic-hW  =  N^CTP 
(   cyanic  amylaauide  J  ^       1  Cy 

These  three  fnrmnlfr?  exhibit  the  usual  o\r.  lleiicit^s  of  Gcrhardt's  "  type 
aminoniii,"  and  make  simple  things  coiiiplex  with  remarkable  facility. 
We  are  here  ctiloi  upon  to  believe  (if  we  axu)  iliat  cyanogen  cau  replace 
hydrogen  in  ammonia,  and  that  the  result  is  still  an  ammonia. 

(711  C*H^  •  Cv  1 

\ZH»'c?'H*'  ^1      Phenylam  phenykc  cyancn. 

This  formula  w  intended  to  represent  the  compound  which  Dr.  Hofmann 
calls  Oyaniline,  and  which  he  lepiefients  by  the  following  formnle: 
C"IFN*  =  Cv,G'*H^N. 

According  to  Dr.  HofmannVs  opinion,  cyaniline  is  formed  by  the 
dinx't  union  of  one  equivalent  of  aniline  and  one  ♦equivalent  of  cyanogen. 
Those  materials  pnxiuce  ZH^O'H*;  H Cy.  But  this  formula  repre- 
sents the  radical  phenylac  m  i  <  imbination  at  once  with  two  dilfercut 
radioils,  ii  and  Cy.  To  overLuiiic  tliis  irii  gularity,  I  double  the  foniiuia, 
which  produces  No.  84],  a  double  salt  which  is  quite  in  accordance  with 
many  other  aalts  of  phenylac  See  Noa.  64]  to  70].  The  aolutiona  of 
cyaniliDe  are  perfectly  neutral,  and  the  oompoond  reaemblea  a  neatral 
salt  much  more  than  it  does  a  baae^ 

85]  to  88].  These  formulae  represent  examples  of  the  oompoond  salts 
which  are  formed  by  cyaniline*  This  compound  combines  both  with 
hydfated  acids  and  with  the  metallic  chlorides,  and  always  in  such  a 
manner  that  the  phenylac  cyana  and  phenylam  cyana  are  both  combined 
with  the  hydiated  add  and  the  chloride.   These  relations  are  shown  by 

tlie  fornuihe. 

These  comjMDunds  are  prepared  with  diffiailtv,  because  cyaniline  is 
rcadilv  decomj)os<'d  bv  water.  "  The  ronstitutioD  of  the  salts  of 
cvaiiiiine,''  s;ivs  llofiaanti,  "  is  similar  to  that  of  the  aniline  salts.  These 
compounds  are,  in  fact,  aniline  salts,  which  have  become  associated  vcith 
the  dements  of  cyanogen.  I  have,  however,  vainly  tried  to  obtain  a  salt 
of  cyaniline  by  passing  a  curreDt  of  cyanogen  gas  into  an  alcoholic  solu- 
tion of  an  aniUne  salt. 

If,  in  accordance  with  Dr.  Hofinann'a  opinion,  we  fononlate  the  aslta 
of  cyaniline  so  aa  to  be  similar  to  the  salts  of  aniline  with  cyanogen  as 
an  adjanct,  "  associated,"  as  he  calls  it,  which  I  understand  to  mean, 
not  combined,  but  haihjimj  on  loospJy,  they  will  appesr  as  AiUowa: — 

85].  ZhVc'^IP;  Cl-f-Cv. 

86  .  7Al\(_^lV  ;  CI  -f-  2PtcCl  +  Cy. 

8-1  ZH\CH'  ■  CI  +  3  Anc-Cl  +  Cy. 

88j.  ZH^C^H»;        -h  Cy. 

The  hydrogoi  of  the  hydiated  adds  ia  just  enoagh  to  oonyert  the  phe* 
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njUc  into  phcnylam,  and  this  sixupUfies  the  formula  greatlj.  Bot  wbat 
is  tiie  ibnction  of  the  cjan^gen  in  these  sshs  after  the  hydreted  acids 
have  converted  them  into  salts  of  pbenylam?   Is  ihis  a  case  where  we 

have  hiacid  salts ;  or  is  the  cyanogen,  as  Hofmann  assumes,  a  copula^" 
an  nnexplained  and  unexplainable  adjunct  oi  the  phenylam  ?  "  The  for- 
mation of  this  base,**  he  says,  **  offers  one  of  the  first  instances  in  which 
an  organic  alkali  is  f  mnd  associated  with  another  compoiuid,  the  ])rcs*'iice 
of  which  does  not  atlect  its  saturating  aipacitv."  What  gives  chlorine 
thefKJwer  in  these  special  cases,  and  onlv  in  these  s[Xicial  ca^^es,  to  nulUfy 
the  saturating  capacity  of  cyanogen  ?  U|K)n  the  whole,  I  ani  ui  opinion, 
that  it  is  safest  to  consider  these  comjX)unds  as  qnadniple  salts,  such  as 
they  ai-e  ejdiibited  by  lurmulai  Kos.  85]  to  68 j,  i»age  279.  The  assump- 
tioos  of  Dr.  Hofmann  lead  to  consequences  ibat  are  too  important  to  be 
admitted  without  sufficient  evidence.  I  cannot  nndenrtand  the  positioD 
of  an  associated"  radical,  whidb  has  no  functions  to  perform.  That  is 
not  according  to  the  common  course  of  natDre,  which  makes  evoy  atom 
do  its  duly* 

89].  ZIP,C'H*;CyO  =  Phenylam  cyanatc. 

Hofinann's  Carbamide-carbanilide,  or  Anilo-ur^.  Procured  by  the  action 
of  hydrated  cyanic  acid  =  HCyO  upon  anihne  =  ZH,C*H* ;  H. 

90].  za*  C"H*,G*H*;  G7O  »  Phenylam  <7aoate. 

Hofinaan's  Carbanilide. 

These  two  compounds  belong  to  the  class  of  UreaSt  that  iB  to  say, 
each  of  them  Is  a  emanate  of  an  ammonium ;  and  they  differ  from  one 
anodier  only  in  the  drcnmstanoe,  that  the  radical  phenylem  of  No.  90] 
contains  twice  as  much  phenyl  as  is  contsined  in  the  radical  phenylam  of 
Na  89].  Nevertheless,  these  two  salts  form  the  subject  of  a  special 
theory  by  Dr.  Hofinann,  and  as  I  consider  that  that  theoiy  is  foUadous, 
I  shall  quote  his  arguments  in  full. 

"  The  method  by  means  of  which  T  first  obtained  anilo-urea,  viz.,  the 
action  of  hvdrated  cvanic  acid  on  aniUno,  vovy  nat  ural Iv  suggested  the 
idea  that  this  rom])nund  must  be  considered  as  an  analogue  of  urea;  as 
urea  containing  tlie  elements  C'^*« 

Urea  .    .    ,    .    .  NH^HCNOV 

and  hence  the  name  under  which  I  have  described  it 

•»This  mode  of  regarding  it  is,  however,  not  supported  by  the 
chemical  deportment  m  the  compound ;  in  anilo-urea  we  no  longer  find 
a  remnant  of  basic  properties,  [i]  I  have  vainly  endeavoured  to  combine 
it  with  acids,  in  order  to  jmiluce  compounds  analogous  to  nitmte  or 
oxalate  of  urea.  The  presence  of  these  acids  does  not  incTt'ase  the 
solubility  of  the  aniline  compound  in  water,  and  the  crystals  deposited  on 
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cooling  retain  no  add.    My  attampls  to  form  a  platiniim-fialt  have 

likewise  been  unsuccessful.  [2]. 

"  The  formula  of  anilo-iirea  admits  however,  of  another  interpretation, 
which  is  strikingly  supported  by  experimental  evidence.  The  fbJiowing 
equation: 

C"irW  =  NH",CO ;  e«H*N,CO, 

shows  that  we  may  consider  this  snhstanoei  likewise,  as  a  double  com- 
poond  of  carbamide  with  its  conjugated  analogue.  The  existence  of  such 
double  compounds  is  by  no  means  isolated :  in  a  Memoir  on  the  Meta* 
morphoses  of  Cyaniline,  which  I  intend  shortly  to  present  to  the  Society, 
I  shall  have  to  describe  a  lx)dy  of  perfectly  similar  constniction,  viz.,  a 
compound  of  oxamide  witli  ozamlide»  corresponding  in  every  r^pect  to 
the  preceding  substance.  [3}. 

Garbamide^banilide  .  .  NH*,C  O  ;  C»H«N,G  0 . 
Oxamideozanilide    .   .   .   NH»,CW;  C«WN,(W. 

1  was  very  curious  to  submit  this  idea  to  tlie  test  of  exf>eriment,  and 
was  fortamnte  enough  to  meet  with  a  reaction,  wliich  iv-»ive.->  little  doubt 
regarding  the  structure  of  ai5ilo-urea»  or  carljauuilL'-Ciirlxinihde,  as  the 
substance  more  properly  should  be  called.  I  found  that,  when  submitted 
to  the  action  of  heat,  this  oompoond  actoally  splits  into  its  proodmate 
ooDstitaents;  one  of  which,  the  caibaniltde,  is  the  principal  product  of 
the  reactioii,  whflst  the  other,  unable  to  exist  at  the  tempemtore  at 
which  the  separation  takes  place,  nndei]goeB  a  further  metsmoixthosis,  and 
can  be  recognized  only  in  its  derivatives. 

In  submitting  anilo-tuea  to  the  action  of  heat,  the  substance  fuses 
without  decomposition ;  on  increasing,  however,  the  temperature  alx)ve 
the  fusing-point,  torrents  of  ammonia  are  evolvef],  while  the  liquid  in  the 
retort  solidifies  to  a  crystalline  mass,  which  again  Inniifies,  arni  vtltiniately 
distils  on  a  furtlier  elevation  of  the  t  •mjx^ratiu'e.  If  the  pii  cess  i:>e  in- 
terrupteti  as  s(»on  iis  the  evolution  of  ammonia  ceases,  and  the  sr)lid 
begins  to  liquely  again,  the  residue  in  the  retort  consists  of  carbaiiilide 
and  cyanuric  acid.  On  treating  this  mixture  vviUi  a  laige  quantity  of 
boiling  water,  the  whole  of  the  cyaniuic  add,  togeflier  widi  a  small 
quantity  of  the  other  sabstance,  is  dissolved.  In  order  to  obtahi  the 
CTanuric  add,  the  aqneoos  solution  is  evaporated  to  diyness,  and  the 
leddae  extracted  with  alcohol,  when  caibanilide  is  dissolved,  and  the 
add  remains  in  a  state  of  purity.  The  properties  of  cyanuric  add  are  so 
marked,  that  I  have  omitted  to  analyse  the  product;  its  comportment 
with  solvents,  and  emitting  also  the  well-known  odour  of  cyanic  add 
when  heated,  appearing  quite  sufficient  to  obviate  all  chance  of  mistake. 

"  The  prodiKtion  of  carbanilide,  of  ammonia,  and  of  cyanuric  acid  in 
this  reaction,  i'liTiit-;  of  an  easy  explanation,  if  we  rec(jllect  that  carbamide 
is  actually  a  subniultiple  of  urea,  which,  as  is  well  known,  when  sub- 
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mitted  to  dry  dUtiUation,  is  oonyertod  into  aznmoma  and  cyaniuric 

acid. 

Two  equivalents  of  the  compoond  contain  the  elements  of  two  ecpor 
Talents  of  carba&ilide  and  one  of  urea :  [4] 

*— V  ' 

Carbamid)**  CariMaUid«.  Ureft  • 

CarbaoiiiUe. 

and  the  following  equation  exhibits  the  final  results  of  the  destaructaoa  of 
carbamide-carbanilide  by  heat  [5] ; 

Cnrhnmidc-  CurbuuUde;        Cjanune  acid. 

Coibauiiide. 

The  sabstance  which  I  have  described  in  the  preceding  pages  ckims 
some  interest,  as  the  first  conjugated  amide  which  was  discovered,  and 
^  the  first  member  of  a  class  of  compounds  which  has  been  enriched  in 
so  remarkable  a  manner  by  the  investigations  of  MM.  Gfrhardt  and 
Lam-ent." — Quarterhj  Journal  of  iJte  Chemical  Sr>rv-ti/^  1848,  ii.,  42. 

Be^narhs  on  the  (ifx^ve  statement. —  i]  Anilo  urea  is  a  neutral  salt  ,ind 
not  a  base;  and  it  has  no  replaceable  hydnxj^'n,  exco|)t  what  am-^titntes 
the  ainnioninm.    Wliv  should  it  have  *'  a  i<  iniKint  of  baj^ic  propeiLi»*s?*' 

2].  Tfie  so-called  salts  of  ordinarv  urea  are  not  normal  s;ilt>  fornitti  l>y 
a  Ixise  with  an  acid,  but  double  salts  containini^  two  coniplrt^'  siuglc 
salts.    It  is  not  neceasjvry  that  every  urea  should  form  double  salt^. 

3].  These  two  salts  arc,  as  1  view  tliem,  not  perfectly  similar,  but 
perfecdy  dissimilar.  Just  double  the  atomic  weight  of  the  carbon  and 
oxygen,  and  then  examine  how  the  two  compounds  are  individually 
aflfe^ed  by  that  simple  opemtion,  which,  remember^  is  not  a  spedal 
operation  suggested  for  this  occasion,  but  one  to  which  all  oompoonds 
are  made  to  submit,  when  brought  under  the  rule  of  the  ladicsl  tfaeoij. 
The  compounds  are  then : 

NH«  ;  r'«H«N,CO. 
NH«,CO;  C'«H«K,CO. 

The  second  compound  is  Na  41]  in  the  above  Table.  The  first  com- 
pound is  No.  89J.  Surdy  there  is  no  "  perfect  similarity  here  ?  The 
difeence  in  the  r^tivc  quantities  of  C  and  O,  in  the  two  compounds, 
is  a  difference  which  produces  a  perfect  dksimiiarUy  in  the  compoonds. 
Na  41]  can  be  a  double  orandde;  No.  89]  eannUf  because  of  the 
absence  of  the  necessary  qnantity  of  00.  No.  89]  con  be  a  cyanaie, 
having  the  necessary  ingredients  in  the  necessary  prepaiations.  No.  41] 
canrwt  be  a  cyanate,  beonse  of  the  unsoitableness  of  €b»  proportions  of 
its  oonstitnents. 
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4].  Even  this  short  equation  is  more  explicit  when  made  according  to 
the  radical  theoty.  Two  atoms  of  Na  89  produce  one  atom  of  No.  90, 
and  one  of  urea  »  ammona  emanate  ZH^CyO.   Thus : 

ZH»,eir;CyO\  _  IZH«,(C»H»)*;  CvO. 
ZH%C»H*;CyOJ       IZH*  ;  CyO. 

5].  The  following  diagi-am  shows  the  final  results  of  the  deoom- 
position.  Thus  exhibited,  these  results  support  the  Urea  tbeorj,  and 
are  adverse  to  Dr.  Hofinann's  opinions : 

Aeted  upon.  F^fodooecL 

ZH..CH-CVOI  f?H:.C;H'.CH»;QrO 

ZH',Cli«;Cy0[  "  j^^' 

llius,  two  atoms  of  89]  Phenylam  cyanate,  produce  one  atom  of  90] 
Phenylem  cyanate,  one  atom  of  ammonia,  and  one  atom  of  cjaDaricactd. 
I  oondade  therefore  that  die  salts  89]  and  90]  are  noi  examples  of  con- 
jugated amides,"  and  that  the  terms  carbamide-carbanilide  and  carbamlide 
oonvey  views  that  are  erroneous.  The  urea  theoiy  is  much  simpler  and 
more  probable,  and  IS  SUPPORTED,  though  Dr.  Hofinann  thinks  otherwise, 
by  the  chemical  deportment  of  each  of  the  oompomids. 

"  Aniline,  when  introduced  into  an  atmosphoro  of  phosgene  gas, 
solidifios  at  once  into  a  crystalline  mixture  of  carbaniiide  and  hydro* 
chlorate  of  aniline : 

I  pre^  the  ibilowlng  equation : 

Uiod.  Produced. 
4(ZH.(?H»;  H)\  _  JZH«,CTP,OT»;CNO 

oa,ao     f  -  t2(zip,c«H*;ci). 

91I.  ZfP,^!^  ;  Cy;  S'  =  Phenvlam  cvana  sulphene. 
9aj.  ZHSC^HSCH';  Cy ;  S*  =  Phenylem  cyana  sulphene. 

On  a  comparison  of  the  fermols  Nos.  91]  and  92]  with  Nos.  89]  and 
90],  it  will  be  perceived  that  these  salts  exactly  correspond  to  one 
another.   No.  91]  is  the  snlphocyanide  of  phenylam,  and  Ko.  92]  is 

the  sulphocyanide  of  phenylem. 

Dr.  Hofmann's  name  f  1  No.  91]  is  Hydiosulphocyanate  of  aniline, 
and  his  formula  is  C'*H'N,HC*NS*.  His  name  for  No.  92]  is  Snlpho- 
carbaniiide,  and  his  formula  is  C'^H'^NjCS.  The  first  fonnula,  after 
doiiblinj^  the  atomic  woight  of  the  carlx)n,  agrees  with  No.  91];  but,  on 
acrt  unt  of  the  odd  atom  uf  carbon  in  tho  last  formula,  1  must  double  the 
whole  Ibrmula,  wluch  then  agrees  with  No.  92]. 


302  CRITICAL  NOTES  ON  THE  SALTS  OF  ANIUNE. 

The  oompooDd  Na  92]  can  be  procured  by  the  action  of  flnilme  on 
bisulphide  of  carbon;  thos: 

„    ^      J  Z H,C«H» ;  H)        { ZH%CW,C?'H* ;  CN ;  S«  =  No.  92. 
INO.  I,  =  jzH^c-H*;  hI  =  {  H;  S 

CS*J        [  H ;  S 

Metamorphobbs  of  Dicyasomelanit  iNE. — *'  The  products  arising 

from  the  decomposition  of  dicyanomeldniline  (No.  79)  belong  to  the 
most  remarkable  substances  whicli  have  been  brought  to  light  by  this 
investigation"  [i.  e.  of  aniline  and  lis  derivatives],  Hnjfmann*  For  this 
reason  I  will  add  a  short  account  of  these  products ; — 

__  Bis  phen\  la  cy;inate  cum 
~      hydra  cyana. 

The  I'onnula  of  dicyunomelaniline  is  given  at  No.  79].    It  is: 

(ZH,CH*;Cy)*  +  HCy, 

When  diqranomelaniline  was  heated  with  hydrochloric  add,  it 
produced  a  considerable  quantity  of  chloride  of  ammonium,  and  a  new 
salt  which  Dr.  Hofinann  odls  Mclanoximide  or  Oxamelanihs  and  which 

proved  on  analysis  to  have  the  following  composition  (in  H(»fmann*s 
numbers) :  C'"ii"N*0*.  This  formula, '  he  says,  **  readily  explains 
the  transformation  of  dicyanomelaniline  undt-r  tlie  influence  of  acids. 
One  eqnivalont  of  this  siilistanrc  assimilates  flnir  equivalents  of  wator, 
while  two  cquivaientd  ol  ammonia  combine  with  the  acid. 

crH"N»  +  4HO  -f  2Ha  =  C»H"1W*  4.  aH*Na 

Dicyano-  ^elaaoximkie. 
mekniline. 

6).  "This  determination  leaves  no  doubt  resfx^ting  the  rnmpo-itiMU 
of  tiie  new  sul)stanc<%  and  this  is  monover  supported  by  vanuus  pheno- 
mena of  transtbrmation  wliidi  T  shall  describe  hen  aft^r.  The  fonnula 
derived  from  analysis,  altliough  correctly  enumerating  the  elements 
grouped  in  the  compound,  leaves  us  quite  in  the  dark  respectn^  tiieir 
actual  arrangement,  and  consequently  of  the  position  whidi  has  to  be 
assigned  to  the  substance. 

c).  **  A  rational  interpretation  of  the  analysis  W8S»  however,  greatly 
facilitated  by  the  previous  study  of  the  d(  composition  of  cyanibne.  The 
conversion  of  this  substance  into  oxalates  of  aniline  and  ammonia,  or 
rather  into  compounds  derived  fi*om  those  salts  by  elimination  of  water, 
Cnxanilide  and  oxamide,)  at  once  gave  the  clue  to  the  nature  of  the  Me- 
lanoximide.  It  may  be  considered  as  binoxalate  of  melaniUne,  less  ibur 
equivalents  of  water : 
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C*'H'*^\>«  -  4HO    =  C"H"NH)* 

Binoxalate  of  Melanoxiinide. 

d),  **  Experiment  supports  this  view  in  an  unequivocal  manner.  On 
ndding  ammonia  or  potash  to  an  alcoholic  solution  of  the  compound,  the 

hquid  readilv  solidifies  into  a  crystalliiio  hulss.  Those  crystiils  are 
melaniline;  the  mother  liquor  contains  a  considerable  proportion  of 
oxalic  acid." — QuarferJf/  Jrnwttal  of  the  Chemical  Societf/,  ii.  310. 

From  these  ex|«-nmeiits  Dr.  Hofmaun  draws  the  conclu'^ion  that  the 
suV>stiiiice  under  examination  is  what,  in  an  ammonia  senes,  would  be 
calleil  an  Imide.  and  in  the  aniline  series  is  an  Anile;  1,  e.,  the  **  bin- 
oxidate  <>!  nu  laiuiine  less  4  equivalmts  of  waU'rJ"  I  venture  to  show  the 
reader  tiiat  the  conclusions  to  which  we  are  led  by  the  radical  theory, 
though  veiy  different  from  these,  are  far  simpler  and  more  probable.  I 
shall  explain  the  first  reaction  (a)  by  an  equation : 

Usixl.  Produoed. 

C«H\CXO|     No.  93]. 
CHSCNol  Melanoximide 
H,CN  J  =C'WN»0«. 
ZH*,  CI     I   Chloride  of 
ZU\  Ci    j  Ammomum* 

Here  we  have  the  whole  process  completely  dt^velo])ed.  There  is  no 
evidence  that  binoxalate  of  melaniline  is  lirst  formed  and  tlien  deconi|x>sed 
to  produce  the  new  compound ;  nor  is  it  necessary  to  resort  to  such  an 
assumption,  nor  to  imagine  that  we  have  to  deal  either  with  an  Imide  or 
an  Andle.  The  salt  93]  appears  to  he  a  compound  of  two  atoms  of 
cyanate  of  phenyl  and  one  atom  of  hydrocyanic  add.  The  predisposing 
cause  of  the  decomposition  of  the  di^anomelaniline  is,  probably,  that 
the  two  atoms  of  in  the  iiresence  of  01  and  of  abundance  of  H,  exer- 
cise thdr  usual  function  of  enhurging  their  amidogens  to  ammoniums. 
These  ammoniums  might  be  expected  to  include  the  phenyl  that  is 
present  in  the  salt  under  decomposition ;  but  they  do  not,  and  we  may 
reasonably  infer  thence,  that  the  attachment  of  the  phenyl  to  the 
cyanogen  prevents  it  I  have  shown  in  other  cases  (see  85]  to  88j) 
the  probal)iIity  that  phenylic  radicals  can  combine  with  cyanogen  in  pre- 
ference to  chlorine,  and  in  the  presence  of  chlorides.  I  do  not  agree  \\  ith 
Dr.  Hofmann,  that  we  are  "  quite  in  the  dark  respoctinpi;  the  actual 
ai'ratigtMncnt  of  the  elements  in  this  compound,"  hecausr;  his  own 
experiments  make  the  grouping  of  the  constituent  salts  tolerably  clear. 


79j.  <{ZH,e'H*;  CN 
I        H,  CN 
HydrochoricJ  H,C1 
Acid  IH,C1 

(h,hu 


304  GBmCAL  NOTES  ON  THE  8ALTB  OF  ANILINE. 

The  experiment  desrribed  in  p;iragra]>h  rf)  is  jxTtVctly  in  accordance 
with  the  above  explanation,  and  may  be  stated  in  an  equation  as  followi» : 

93}      Jc•H^CNO       I ZH.CTi*;  H  /  ^^^^^^^ 


[  H,CN 
Omstic  J  K,HO 
potaah  \  K^O 


]      K,CO»     \  Oxalate  of 
[     K,CO'     j  potash. 

,       f(C"H*,CyO)*l  Bis  phenyln  cyaoate  com  argenta 
\    AgjCy     I  cyana. 

This  salt  is  the  silvor-siilt  of  the  preceding  coinpound,  Xo.  93^,  which 
has  merely  clianm^d  its  l'iii;ic  H  for  A<x.  I^r.  Hofinanirs  analysis 
confirms  this  formula,  but  he  id  in  gn-at  d(>ni«t  abcuit  11^  propriety. 
He  says,  **  Several  of  the  amidog(  n-(  ohi])Ounds  which  have  lx»en  ex- 
amined, such  as  Ciunjihoriniid*,'  and  jihtaliniidc,  liav^e  the  properties  of 
wciik  acids  :  they  combine,  for  exani])li',  with  protoxide  of  ailver.  The 
actual  nature  of  these  combinations  is  scarcely  understood.  Some  con- 
sider them  as  compounds  of  the  imides  with  the  oxides ;  others  as  imidcs 
In  wMch  hydrogen  is  replaced  by  silver;  ipelanoximide  is  also  fe/tSbfy 
add  ....  and  yidds  a  preci])itate  with  nitrate  of  silver."  The  metallic 
compounds  to  which  Dr.  Hofroann  alludes  are  the  vice-rodicab  and  vice- 
amids  which  contain  substituting  metals.  See  pages  137  and  191. 
His  analysis  leaves  no  doubt  respecting  the  regularity  of  the  nit 
No.  94t1t  which  may  serve  as  an  example  to  convince  chemists  by 
whom  these  compounds  are  scarcely  understood,"  thut  it  is  quite  pos- 
sible to  understand  them  perfectly,  if  they  will  take  the  troabie  to 
examine  the  &cts  which  prove  their  existence  and  nature. 

95].  CTl*,CyO  e  Phenyla  cyanate. 

This  cnnnponnd  was  produced  by  the  action  of  heat  on  melanoxiniide 
No.  93],  its  relation  to  wliicii  is  obvious  at  a  rrlance.  Dr.  Holmann 
calls  it  Anii.ocyanic  Acid.  His  formula  is  C**H^NO*.  He  informs  ns 
that  when  this  compound  is  treated  with  aniline  it  yields  carbaiiihde 
(a),  and  that  when  it  is  heated  with  ammonia  it  is  convertetl  into 
carbamide-Ciubanilide  (6).  These  transformations  can  be  readily  repre- 
sented by  the  new  formuhe,  thus : 

.\  J^'«-  95]    =       CTI»,CvO  1      ZH*,(C"H»)P ;  CvO  «  No.  90  :. 

M    I  No.  95]     =        CrH^CvOl  ^  /M\Cn*;     CvO  =  N0.89J. 
>  \  Ammonia  =  ZI1«       ;  H    /  b^bimiidftJ^^fa^^ 


H,Ciro  +  CH',CyO  =  Hydra  methylate  cum  phenyla  cvanttp. 
H,OT,CTI»;  CyO*  =  Hydra  methyla  phenyla  cyanete. 
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H,CTPO+CTP;  CyO  =  Hydra  efchjlate  cwn  phenyla  cyanate 
CfH*,CrH* ;  QrO^s  Hydra  ethyla  pbenyla  cyanete. 


oiiate. 


97]- {Jh, 

jH,C*H"0+C'H',CvO  =  Hydra  auivlato  cum  phenyla  cxl 
^>  t=H,C'H",CH»;CyO*= Hydra  amylaplien)  la  cyanete/ 

"  Anilocyanic  acid  dissolves  in  the  alcohols  with  considerable  evolution 
of  heat,  clear  liquids  being  loirnod,  which,  after  some  minutes,  deyx)sit 
magnificent  crv'Stals,  1  haye  convinced  myself  by  analysis  that  the  oixii- 
narv  alcohols  absorb  one  equivalent  of  anilocyanic  acid,  giving  rise  to  the 
production  of  the  Ibiiowing  series  of  conq:)ounds  : 

Methyl-compound  C'°H'  NO*  ^  C  II*  ( )"  +  C'*H^\0« 
Ethyl-compound  C'"H"XO*  =  C*HH>*  -f  C'WNO* 
Amyl-coropoond   C'^H'^NO*  =  C'«H>«0«  +  O'WJSO*." 

— Hofinann,  Quarttrfy  Journal  of  the  Chemhid  Sockty^  ii.,  319.  He 
immediately  afterwards  suggests  that  these  compounds  may  be  carbani- 
latcs  or  anthraoiiates,  aach  as  CH%C^^''2iO  »  Oarbamlate  or  anthroni- 

late  of  ethyl. 

These  salts  are  formed,  ex|)erimentallv,  by  the  dire»ct  combin  ition  of 
the  salt  0'H*,(JyO  with  the  salts  H,C*H*d,  H,CH\),  and  H,(?ii"0; 
precisely  in  the  same  manner  as  we  produce  a  terbasic  phosphar*'  by 
combining  a  monobasic  ])liosphate  with  similar  salts  on  the  mofh  l  (^f 
water,  I  see  no  reiison  for  doubting  that  these  salts  arc  terbasic  cvanates, 
juiy  more  tlian  1  ilo  for  doubting  whether  there  are  such  compounds  as 
terbasic  phosphates. 

RsACTtONa  OF  ANiLOCTAmc  Acid,  or  PftENTLA  Ctanate,  C^';  CyO. 
The  foUowing  reactions,  (a)  to  (/),  of  the  compomul  represented  fay 
No,  95]  =  ^H*;  CyO,  are  given  by  Dr.  Hofinann  wiWi  a  view  to 
prove  that  the  compound  is  an  Acid  (Anilo-cyanic  acid)  analogous  to 
cyanic  add.  Quarterly  Journal  of  the  Chemcal  Societi/^  ii.,  21 5.  But 
they  seem  to  prove  only  the  presence  of  cyanate  of  phenyl,  a  salt  in  ^\  Inch 
H^  of  hydrated  cyanic  acid  has  been  replaced  by  the  radical  phenyl 

"'^  "^'ho""!      f^H,C^H>;H  =  No.,] 

Caustic  potash  J  ~  |KK,CO» 


The  cyano,2;rn  is  decomposed ;  its  carbon  takes  the  potiLssium  and 
oxygen,  and  forms  carlK:>nate  of  potash  ;  its  nitrogen  takes  the  phenyl  and 
hydrogen,  and  forms  aniline  or  phenylac  hydra,  No.  i].  Two  atoms  of 
caustic  potash  are  necessary  to  suj^ply  the  quantity  of  K  and  0  required 
to  complete  the  carbonate,  and  ol  li  to  complete  the  aniline. 


h).  C*H*,CNO 
Hydrochloric  add  H,  CI 
Water  .   .   •  H,HO 


_  (ZH»,CH*;C1  =  No.  i2j 
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In  tlie  presence  of  water  and  of  thr^  strong  negative  radical,  Q,  fint  of 
all  phenylam  is  formed,  and  then  plienylam  chlora,  No.  12],  commonly 
called  Hydmchlorate  of  aniline;  while  the  carbon  carries  off  the  osyg^o 
in  the  state  of  carbonic  acid. 

c)  .  CW;CNO)      fZH,CTI»;S01jj  9, 

bul,.hunc  acid  |jj  gQ(j  J     |  '  qq^' 

In  the  presence  of  strong  sulphuric  acid,  the  cyanogen  is  deconijjost^d, 
carbonic  acid  is  set  free,  and  the  aiote  forms  phenykc  and  then  sol- 
phaniUc  acid,  No.  a8]  =  ZH,CfH»;  SO  +  HSO»,  or  H;  W^Cm*; 

d)  ,        cm* ;  CNO)      f ZH*,(CWy ;  CNO  =  No.  90]. 

eiP;  cNoy  =  I  CO* 


H  ;  HO  J 


In  the  presence  of  water,  the  cyanogen  is  docomjx)sed,  slowly  at  mean 
temperature,  rapidly  if  heated ;  carbonic  acid  is  given  off,  and  the  azote 
produces  pbenylem  cyanate,  No.  90],  commonly  called  Carbanilide. 

1  ,]    =  ZH.S;  h'°}  =  ZH'.(CIIT;  CNO  -  No.  90]. 

When  No.  95]  is  treated  with  aniline,  No.  i],  it  produces  carbanilide 
(phenylem  cyanate),  No.  90]. 

/).  C«H';CNO 


1=  ZR\CR'  ;  CNO  =  No.  89]. 


When  No.  95"!  is  treated  with  ammonia  =  ZIPH,  it  produces  caiv 
l)amiclr'-(;arl>ani!i'l<'  T phenylam  cyanate),  No.  89]. 

Tiiese  toiixjnmeiits  do  not  prove  that  the  compound  C*H\CyO 
is  an  acid;  but  what  they  do  prove  is,  that  uitro^^i^n  acts  up  to  the 
character  that  I  have  assigned  to  it  as  a  constructor  uf  radu  als.  WheB 
it  is  in  tlie  presence  of  carbon,  and  without  tlie  materials  neceiisary  to 
constitute  an  amid  or  an  ammon,  it  foims  cyanogen ;  but  so  soon  as 
materials  arc  placed  within  its  reach,  wherewith  it  can  make  a  salt  of  an 
amid  or  an  ammon,  it  immediately  forms  such  a  salt,  and  leaves  the 
carbon  to  its  destiny,  wliich  appears  to  be  that  of  occupying  and  removing 
the  oxygen.  What  the  precise  residt  is,  In  each  case,  depends  partly 
upon  the  nature  of  the  materials  that  are  employed,  partly  i\i>on  their 
relative  quantities,  nnd  the  manner  of  putting  them  together.  In  cases 
a  and  c  the  materials  produce  pheriylac;  in  cases  b  and  f  they  produce 
phenylam  ;  in  <a>es  <f  and  e  they  jiroduco  phcnylom.  In  the  presence  of 
potiis-i'ini  til"'  carlHjiiic  acid  remains  in  the  state  of  carbonate  of  potash. 
In  tlie  adsenco  of  positive  mdicals  it  flies  off  as  gas. 

On  the  siii'ject  uf  the  trunsniigtaliun  of  azote  iiroiu  amidii  and  ammons 
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into  o  anogen,  and  tHenoe  bads  ag^  into  amida  and  amnions,  the  reader 
will  ind  some  additional  particalaai  in  the  Article  on  **  Kitrika,"  at 
page  217. 

At  a  later  period  (January,  1856,)  Dr.  Hofmann  ascribrd  to  anilo- 
cyanic  acid  the  formula  C'*H'K^^".  PnHjcedings  of  the  Royal  ^iety^ 
viii.  13.  But  his  analyses  give  C^ll^NO*  (Xovcmber,  1849),  Quar* 
terljf  Journal  0/  the  Chemical  Society  (1850),  iL  314. 

^^-l*  {(ZHC'H*-  Cy/  I**  Pl»e>iylacyanate trig phen} lac cyana. 

When  molnuoximide  is  distilled,  the  compounds  prrM!iio-'d  are  carbonic 
uxide  gas,  ;iih1«  'cvanic  acid,  and  a  residue  havmcf  the  tullowing  com  jx;.^ition : 
C^I^X';o*  (Huiruann's  numl^ers)  =  C"H«^X'"0'  =  jSo.  99].  Thi**  de- 
com[)ositiun  may  be  accounted  for  as  follows : 

5  atoms  of  No.  9j. 

e'H*,CvO 
e'H\cvO 

C'H>,c'vO 


Prodaeed, 


O'H*,Cv0  +  HC\' 
C*H»,CyO  +  HCy 
CH'.CyO  -H  HCv 


CW,CvO)  2  atoms  ^ 
C^H\CyOf  of  95]. 
("'H*,CyO 


|Zn,C«H*,Cy  f  I  atom 
,Cy  I  of  993. 

When  water  is  present,  additioDai  r^ictkms  take  place  and  complicate 
the  phenomena.    Thus : 


CO]  Carbonic 
'  CO  >  oxide, 
CO  I  3  atoms. 


CH»,CvO]  ( 
C^H\Cyol  =  { 
H,  HO  J  I 


ZH*,(CH7 ;  CyO  =  No.  90J. 
C()*  set  free. 


Every  atom  of  water  decompoHe*;  two  atoms  of  No.  95],  C'H^/  yO,  and 
their  materials  pro<Iuce  one  atom  of  carbauilide,  Z^o.  903,  ZU%(CH*)*; 
CyO,  and  one  atom  of  carbonic  acid,  CO*. 


In  reviewing  Dr.  Hofmann'a  account  of  the  compounds  of  aniline,  1 
l)av('  restricted  my  rfinarks  to  th<'  individual  sulistanccs  self'ctKl  for 
t^xamples,  and  T  liav<.'  nut  cntc'rccl  ujion  tlie  £j<nieral  .sjKculation,  whether 
thn  aniline  bsisfs  are  mo!>t  ct»nsist»>nt  with  iierzelius's  idea  that  they  all 
coiiUuji  aiinnunia  =  NH*,  or  wilii  Liebig*s,  that  they  all  contain  amido- 
geu  =  NH*,  &c  On  these  points  Dr.  Hofinann  does  not  appear  to  have 
saiiafied  his  own  judgment,  and  his  wavering  arguments  certainly  settle 
ootbing.  In  1844  he  quotes  aniline  with  the  formula  C^*IFN.  In 
1848  he  is  favourable  to  B^s^tis's  theory,  and  aniline  is  NH?,(C"H*). 
In  1 850,  £urtfaer  researches  make  him  indine  to  Liebig's  view,  and  aniline 

is  quoted  as     H  V  N.   In  18  56,  aniline  becomes  again  what  it  was  in 

X  2 
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1844,  C^*HTN.  Id  most  cases  these  formiil£E  arc  given  doabtinglj,  as  if 
the  arguments  that  are  iiiged  to  sappoit  them  had  not  appeared  oondu- 
sive  to  tlieir  author. 

As  the  tlioon"  of  azotic  radicals  which  I  have  advancod  in  this  Essay- 
is  of  wider  apphcation  than  any  of  the  theories  that  have  been  advocated 
bv  Dr.  Hofmann,  and  as  the  aniUne  salts,  if  mv  views  are  au  rwt,  must 
fall  in  w  ith  all  other  salts  of  azotic  radicals,  I  leave  it  to  the  reader  to 
form  his  own  opinion  re&iJtHJling  them,  when  I  have  placed  before  him 
the  azotic  tlieory  in  a  more  complete  state. 

The  Platinum  Bases. 

It  is  impossible  to  examine  the  salts  of  platintmi,  and  their  distin- 
guishing names  and  formahe,  without  being  driven  to  the  oonclnsion 
that,  on  these  matters,  chemists  are  in  a  muddle. 

Of  course,  the  muddle  is  unnecessary,  and  might  be  removed.  It  does 

not  dq>eiHl  upon  difficulties  inherent  in  the  salts ;  for  thoy  arc  simple 
and  rej^'uhir,  and  their  transnni  tat  Ions  are  characteristic  and  intellicriMe. 
The  muddle  is  pnrelv  tluM^rr  tical.  It  is  the  produce  of  the  clumsy  con- 
trivances by  whicli,  ii'im  tune  to  time,  the  salts  of  platinum  have  been 
EXPLAINED.  If  we  could  got  rid  of  tliose  ex]>lanatioiiS,  we  should  get 
rid  of  the  muddle,  since  the  salts  themselves  are  orderly ;  but,  unhappily, 
chemists  cherish  two  iavourite  dogmas,  the  retention  of  which  perpetuates 
the  muddle. 
These  are  the  dogmas : — 

1.  7%ere  i$  only  ons  chmkdl  equioaknt  qfphtmum,** 

2.  The       0/ fikOmtm  art  c(m^p<^ 

Remajus  on  the  rsBSt  of  thesbe  BoaKAS. 

M.  Gerliarilt,  some  years  ago,  showed  chemists  the  propriety — nay, 
the  neccsbiti/,  of  admitting  the  existence  of  two  eliejuical  equivalents  of 
platinum,  and  he  proved  to  them  that  this  would  diminish  the  muddle 
amcng  its  salts.  Seme  ridiculed  this  notion,  and  some  said  it  was  "  a 
verj  ingenious  theory but  I  believe  that  no  one,  excepting  Lament, 
admitted  its  truth.   They  preferred  the  muddle. 

Kow  I  cannot  understand  why  diemists  persist  in  playing  the  part  of 
Sphinx,  and  puzzling  the  world  with  |)hilosophical  riddles  that  require 
an  (Edi|)u>  to  solve  them,  when  a  i)Iain,  simple,  and  useful  course  is 
proposed  for  their  adoption.  I  cannot  perceive  what  principle  of  reason 
guides  their  judgment  in  this  matter.  Thev  will  not  admit  the  existence 
of  a  "  second  equivalent"  of  platinum,  and  they  wHl  admit  the  exist- 
ence of  a  score  of  "  platinum  basics  "  of  the  most  monstrous  fmd  extra- 
vagant proportiouii  and  coraposiition.  And  thus  they  encourage  muddle. 
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I  bttve  collected  for  this  section  aboat  a  hnndred  of  tbe  principal  salts 
of  pktinam.  I  have  arranged  them  in  four  classes,  and  given  tnem  the 
fortnale  which  they  ought  to  have  in  accordance  with  the  radical  theory, 
I  have  added  to  each  salt  its  oidhiaiy  fbrmnlee,  its  difficoltly-pronotmce- 
able  names,  and  anch  other  information  as  is  necessary  to  identify  it» 
and  to  contrast  the  existing  system  with  that  which  is  now  oSeted  to 
replace  it. 

I  admit  the  existence  of  two  chemical  equivalents  of  platinum.  A 
heavy  atom  which  has  the  atomic  weight  of  99,  and  a  light  atom  of  half 
that  weight.    The  first  is  to  be  called  the  piatxm  atom,  and  the  second 

the  pUuic  atom. 

These  two  chemiail  atoms  nnxliice  two  distinct  classes  of  salt?;,  V)oing 
those  whicli  are  commonly  called  salts  of  the  protoxide,  and  salts  of  the 
peroxide  of  platinum.  An  ins|)ection  of  the  fi)rmulai  which  I  have  given 
in  the  following  Tabl'^,  Nos.  i]  to  33]  will  convince  any  one  whose 
judgment  is  unperverted  l)v  the  "  idols  of  the  schooLi/'  that  the  separa- 
tion of  the  salts  Nos.  i]  to  i  5]  from  those  of  Nos.  16]  to  33],  on  the 
pretence  that  the  former  are  salts  of  the  protoxide,  and  the  latter  salts  of 
the  peroxide  of  platinuui,  is  an  unqualified  absurcUty.  Oxygen  is  power- 
kas  in  the  matter.  The  real  difference  in  the  two  classes  of  salts  is 
obviooaly  in  Ae  PLATnniM  and  osly  In  the  jpktfmtim;  and  the  tme 
question  for  investintion  is,  What  is  the  katdrb  of  ihat  differmM? 

The  nature  of  &t  difference  isy  that  the  platens  salts  contain  the 
heavy  atom  of  platinmn,  and  the  platic  salts  contain  the  light  atom ;  all 
other  elements  of  the  salts  remaining  the  same. 

The  difference  that  exists  between  the  platons  and  platic  aslts,  exists 
also  between  the  salts  of  platousam  and  platicam.  By  platooaam,  I 
mean  an  ammoninm  which  contains  one  platons  atom ;  by  platicam,  an 
ammonium  that  contains  one  platic  atom.  These  ammoniums  act  aa 
positive  radicals,  and  each  of  them  produces  a  variety  of  salts.  These 
salt?  are  given  in  the  following  Table,  where  Nos.  34]  to  68]  are  salts  of 
platousam,  and  Nos.  70]  to  100]  are  salts  of  platicam.  Throughout  these 
exten<hxl  sets  of  salts,  the  characteristic  of  the  first  set  is  the  presence  of 
the  plasms  atom,  and  of  the  last  set  the  presence  of  the  platic  atom. 

It  is  comploti'ly  in  tho  power  of  the  chemist  to  profhice  at  pleasure 
either  the  platous  or  the  piatic  atom.  The  certainty  of  tiie  very  ( xint- 
ence  of  platinum  is  not  greater  than  the  certainty  that  the  chemist  has 
it  in  his  power  to  produce  at  will  either  platous  siilts  or  platic  salts, 
either  salts  of  |>latousam  or  salts  of  ])laticam.  And  to  do  this,  he  must 
produce  either  the  platous  or  the  platic  atom.  The  following  are  the 
fects  which  guide  him : 

1.  When  platinnm  is  acted  on  by  a  negative  radical,  in  the  presence 
of  an  excess  of  positive  radicals,  the  pktons  atom  is  produced. 

2.  When  platinnm  ia  acted  on  by  a  negative  radical,  in  the  prea^koe 
of  an  excess  of  native  radicals,  the  platic  atom  is  produced. 
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The  salts  that  are  described  in  the  ioUowir^g  Tables,  are  produced  by 
pfooesses  that  are  m  {M  rfect  accordance  with  tli^e  facts.  The  sails  of 
platousam  are  all  produced  l)y  the  action  of  positive  radicals  in  excess; 
and  it  is  only  in  this  class  that  we  meet  with  those  combinations  of 
npiTtml  salts  with  ammonia,  which  in  Gerhardt's  lanp^ige  are  called  salts 
of  di}»k\k)samiiie ;  while  on  the  other  hand,  we  perceive  in  the  salts  of 
platicani  a  total  absence  of  an  excess  of  ammonia,  and  in  their  formation 
the  constant  recurrence  of  the  splitting  up  of  platous  into  platic  atoms  by 
the  energetic  action  of  negative  radicals  presented  to  liie  platinum  in 
excess.  It  is  scarcely  possible  to  conceive  the  existence  oi  evidence  of  a 
ctrcamstantial  character  more  conchisiTe  than  ia  jraented  by  the  salts 
that  are  described  in  these  TaUes  b  aapport  of  the  principle  which  I  am 
advocating,  that  platinum  has  two  difoent  chemical  atoms,  that  dther 
of  them  is  prodndble,  or  convertible  into  the  oth^r,  at  the  will  of  the 
cliemist,  and  that  to  the  diversity  of  their  reactions  all  the  aalts  of  pla- 
tinum owe  their  peculiar  characteristics. 

What  I  have  stated  respecting  the  mutability  of  the  chemical  atom  of 
platinum  is  strictly  in  accordance  with  what  I  have  stated  in  another 
section — ^see  page  34 — respecting  the  mutability  of  the  chemical  atom  of 
iron.  I  have  sliown  there,  that  under  the  action  of  an  excess  of  jxteitive 
radiciils,  the  feiTous  atcjm  is  Ibrnied,  and  that,  under  the  pressure  of  an 
excess  of  nee^^tive  radicals,  the  ferric  atom  is  produced.  This  kind  of 
reaction  is  no  doubt  common,  in  a  greater  or  Ic&ser  degree,  to  all 
dements  which  are  endowed  with  the  properly  of  producing  two  dif- 
htmtt  ladicala.  The  nataral  tendency  of  matter  to  come  to  an 
equilibrium  occasions  these  peculiar  chemical  elements  to  £nrm  their 
luger  or  their^smaller  rsdical  aocoiding  as  the  drcomstanoea  in  which 
they  are  placed  demand  the  one  or  the  other.  The  power  to  control  the 
elemaits,  and  make  them  produce  the  basylous  or  basylic  atoms  as  he 
requires  them,  depends  entirely  on  the  cliemist's  ability  to  arrange  the 
circumstances  in  which  the  elements  are  to  be  mnde  to  act.  This  was 
the  scen  t  of  the  "  wonderful  lamp."  When  Aladdin  rubbed  the  lamp,  the 
genius  a})p<iwed  to  do  his  bidding.  When  the  chemist  desire?  to  pro- 
dii'^e  a  particular  chi  inical  atom,  be  arranges  the  proper  circumstances, 
and  nature  does  his  bidding. 

By  admitting  the  mutability  of  elementaiy  chennciil  radicals  to  be  the 
result  of  a  natural  law  which  is  in  continual  operation,  we  are  enabled  to 
account,  In  a  simple  and  easy  manner,  for  a  great  variely  of  complex 
chemiad  phenomena,  which  are  otherwise  perfectly  unaooonntable. 
Under  these  circumstanoes,  it  is  extraordinary  that  chemists  persist  in 
rejecting  evidence  wliich  is  clear  and  abundant,  for  no  better  r^son  than 
tluit  Dalton,  fifty  yean  ago,  defined  a  chemical  equivalent  to  be  qns 
divisifAe  atom.  Why  are  we  to  be  bound  by  a  definition  which  never 
restf»d  on  evidence  stroncrer  than  a  surmise,  when  tliat  definition  is  con- 
tradicted  by  the  &cts  accumulated  by  fiAy  years  of  analytical  research? 
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We  baye  to  Hob  day  no  evidence  of  the  existence  of  indivisible  atoms. 
We  have  abundant  evidence  of  the  power  possessed  by  mofe  than 
twenty  elements  to  produce  two  different  chemical  atoms,  each  of  them 
having  the  power  of  a  radical,  and  each  being  able  to  produce  a  series  c^f 
salts  differing  in  quality  from  the  salts  prodnced  by  the  other  radical. 
Bot  fieishions  in  chemistry  are  not  always  regulat^  by  exi^crimental 
evidence.  Ddton's  theory  is  become  an  idol  of  the  schools,*'  and 
sacrifices  are  made  to  it^ 

Rbhabkb  on  tbb  sboosd  Doqma. 

l%t  Baits  ofpUaiMm  are  oofmpoMd  of  oxide  and  ham!* 
The  reader  is  leqoested  to  look  over  the  £)rmals  that  accompany  the 
sTBommes  in  the  foUowing  Table  of  99  salts  of  platinum*  The  doctrine 
mat  eveiy  salt  is  composed  of  an  add  snd  a  hase^  has»  in  this  esse,  led 
its  votaries  to  the  adoption  of  some  extxaordinary  absnrditics.  According 
in  that  doctrine,  a  normal  nitrate  is  composed  thus:  MO,NO^,  where 
MO  is  the  base,  and  NO  is  th(^  acid.  But  here  is  an  exquisite  platinum- 
nitrate,  Na  85]  :  4NH»,Pt«C10*,2NO».  That  doctrine  professes  to  di*- 
oountenance  binitrates,  but  here  it  admits  the  existence  of  a  binitrate. 
That  doctrine  declares  it  to  be  a  fundamental  law,  that  in  every  salt  the 
nnmK?r  of  atoms  of  anhydrous  acid  must  be  equal  to  the  nimilxr  of 
atoms  of  oxygen  in  the  base.  Yet  here  we  have  five  atoms  of  oxygen 
in  the  t^se,  and  only  two  atoms  of  anhydrous  acid  to  bring  that  base 
into  efjuilibrium.  Then,  what  a  base  it  is!  What  a  mdical  it  cr»ntains! 
Four  atoms  of  mtiogen,  twelve  atoms  of  hydrogen,  txDO  atoms  of  platinum, 
and  one  atom  of  chlorine  are  all  eonglomerati  d  into  one  basic  clump — 
that  chmij)  is  oxidis<?d  into  a  base  by  five  aronis  of  oxygen,  and  that  one 
tfiisc  is  then  coml)ined  directly  with  tvoo  atoms  of  anhydrous  nitric  acid 
to  form  a  nitmte.  This  is  gravely  recorded  a^  matter  for  belief  by  phi- 
losophers who  are  too  squeamish  to  admit  the  possibility  that  platirmm 
can  produce  two  difierent  chemical  atoms.  In  order  to  escape  this  last 
dilficiilty,  and  to  do  reverence  to  the  Daltonlan  idol,"  they  take  a  salt 
which^  as  formula  85]  shows,  contains  fxmr  complete  ammoniums  and 
four  add  radicals,  snd  which  therefore  is  a  quadruple  sslt ;  and,  a^ 
setting  aside  as  the  ^'acid,*'  the  dump  2N0^,"  they  crsm  all  the  other 
ingredients  into  the  "  base,"  thus  makiog  a  salt  by  a  series  of  processes 
every  one  of  which  is  in  violation  of  the  uws  that  constitute  the  doctrine 
which  they  pretend  to  support  I  ask  any  independent  thinker  whether 
this  is  not  muddle?"  whether  it  is  not  a  striking  example  of  the 
ability  to  swallow  a  camel  and  strain  at  a  gnat? 

Here  is  another  admirable  example  of  theoretical  ardiitecture ; 
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This  salt,  as  I  regard  it,  is  formed  on  the  model  of  sal-ammoniac;  a  chlo- 
ride of  an  ammoniuii),  in  whicli  one  atom  of  hydrogen  has  been  replaced 
bv  one  platic  atom,  and  which  re<]nir»s  rvn  t!u>  rndif  ;il  theory  the  simple 
fornmla  wliicli  T  have  given  to  it  in  >»o.  70  ,  viz.,  ZH*Ptc;  CI.  But 
this  radical  tonuula  is  very  simple,  and  it  contains  the  het<?rodox  platic 
atom ;  it  is  therefore  doubly  objectionable  to  the  estabiished  chemical 
authoiitici.  The  ortlio<lox  view  of  the  salt  is  this  :  **  It  is  the  chloride 
of  an  ainmuniuin.  This  ammoaiuin  iias  one  of  its  atoms  of  hydrogeo 
replaced  hy  another  ammonium.  This  other  ammonium  has  one  of  its 
atoms  of  hydrogen  replaced  bj  the  piotochloride  of  platinum,  and  tfana 
we  obtain  the  compound : 


But  some  of  oar  ordiodoz  chemists  dissent  fiom  this  view  of  the  salt. 
They  do  not  admit  the  tmth  of  this  theory  of  inyolved  ammoniums, 
where  the  smaller  is  made  to  inclnde  the  greater.  Instead  of  grouping 
the  elements  in  t!iat  form,  they  put  them  side  by  side  in  regimental 
order,  thus: — Pt*Ci\>^H'*N*  -f  0*,  and  they  call  this  regiment  a  base— 
**  Raewsky's  base."  The  ]xirticu]ar  nature  of  tliis  "  base"  is  not  made 
by  any  means  clear  to  us.  Whether  the  elements  are  eombincnl  in  any 
special  grouping,  or  whether  they  stand  side  by  side  like  posts  in  a 
pallisade,  a  series  of  chemical  nullities  waiting  for  tJie  "acid"  that  is  to 
rail  them  into  unit<Hl  action,  we  are  not  informed. 

By  similar  processes,  chemists  mannftcture  a  host  of  ^^pilatinnm 
hBeea^  of  whidi  I  will  try  to  quote  a  few  examples.  I  hope  I  shall 
ouote  them  satis&ctoiily,  bnt  it  is  ao  difficult  to  bnow  when  you  have 
me  whole  of  a**  platintim  base,"  that  in  eztiacting  it  from  its  salts,  you 
are  very  liable  to  take  away  a  few  atoms  too  niany,  or  leave  behind  a 
few  that  ought  to  be  tak^.  In  the  estimation  of  many,  orthodox 
chemists,  however,  if  we  may  judge  from  the  following  foiinulae,  a  few 
atoms  more  or  less  in  a  platinum  baise  seems  to  be  ooDsidered  a  matter  N 
of  little  importaace : 

I.  Gros'sbase    .    .    .    PtaH«N« -f  O  or  PtClH*K,NH*0. 

3.  Keiset's  first  base    .   PtHW   +  O  or  PtHW,NH^. 

5.  Reiset's  seooud  base .   PtH*N    4.  O  or  m 

4.  Raewsky's  first  base     Pt'Cl  0»H'«N*  +  O*. 

5.  fiaewsk/a  second  base  Pt*Cl*O^H'<N'  4.  0*. 

Grimm's  Kotation.  Hoftnami's  NotatioD. 

6.  Gerhanlt'sPlatosamine   .   •   NH^t  «  |  NO,HO. 
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Gxiniii'i  Notetbn.  HoAnaiui't  Notetion. 

IPtmTO,HO. 


if  H*  1 
I  Pt  1 

8.  Gerhardt's  PUtmamiDe   .   .    NHpt»  =  |      }  KO,HO. 

9.  0«ciiHcd^*  Diphtinamine    .   N'H'pl^  -  I  pt*  InO^O. 

The  next  six  are  given  by  Grimm  on  the  authority  of  Kolbe ; — 

10.  Platammonium  3= 

11.  Ammon-PlataminoDium  = 


12.  Oxyplatammonium 

1 3.  Ammon-Ox)  {>1atammoimim  s  <  PtO  >  N. 

IH"  J 

14.  ChJorplatainmomnm  »  |^P^|^* 


15.  AmmoQ-Chlorplatammonium 


AH  these  base?,  and  as  many  more  a.s  cm  be  produced  by  nmnerous 
variations  in  tlie  methods  of  writing  tlie  ibrnmlie,  tlie  student  of 
chemistry  is  led  to  believe  to  be  necessary  for  the  explanation  of  the  salt» 
of  platinum. 

In  the  Renowned  History  of  the  Seven  Champions  of  Ciiristcndom  it 
is  recorded  tluit  the  >i'ecroniaiJcers  of  tlie  middle  ages — no  doubt,  the 
orthodox  chemists  of  that  period — were  in  the  pfBcticc  of  defending 
imsaie  positioiu  by  FortificBtioiis  and  GiantB  and  Dragons  of  hideoos 
aspect  aiMi  ugly  nameB,  oB  congtruded  of  iSm*  It  aeema  to  me  that 
the  PlattDum  Baaes  liaye  been  made  of  the  same  material  by  desoepdants 
of  those  Necromancy  in  order  to  protect  the  nckety  theory  of  adds  and 
bases  which  they  delight  to  liononr. 

These  "  bases"  aie»  actoally,  mere  mist — castles  built  in  the  air,  with 
no  soUd  foundations.  Tf  you  touch  them  with  the  inflexible  rod  of  the 
Radical  Theory,  it  smashes  them,  and  they  vanish.   The  true  platinum 
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radicals — which  bear  examination,  and  do  not  fly  into  mist,  if  you  ask 
them  a  question  or  two,  are  the  following :  the  platous  atom  =  Pt,  the 
platic  atom  =  Ptc,  platousam  =  ZH^Pt,  and  platicam  =  ZIrPPtc.  With 
these  only,  I  i)roceiKJ  to  formulate  the  entire  scries  of  tlie  silts  of  this 
malicious  m*'tal.  %vhicli,  acting  the  part  of  the  chemical  "Puck,"  has 
liitherto  led  philusuphers  a  pretty  dance  into  all  sortij  <>\  (jii \gmiros. 

It  is  high  time  for  orthodox  chemists  to  uiniiu/,zle  their  wisdom, 
and  begin  to  inquire  whether  "acids'*  and  "bases"  have  not  been 
^  iciolind''  a  little  too  long;  and  wbetber  it  is  safe  fat  them  to  oontintte 
to  treat  with  sapeidlioas  contempt  all  proposals  to  enmine  into  the 
oonstitation  of  salts*  becanse  the  pcoposera  dedine  to  worship  with  them 
the  mistj  phantoms  which  were  the  pipgeny  of  the  half-knowledge,  half- 
ignoianoe  of  a  preceding  generation. 


Salts  of  Platmam. 

DEFisiTiom  OF  TH£  PuLxuruM  Radicaia 

Platous  swnifies  the  heavy  chemical  atom  of  platinom*  Atomic 
weight,  99.   Symbol,  Pt 

Platic  siffnifies  the  light  chemical  atom  of  platinum.  Atomic  weight 
49*5.   Symbol,  Ptc 

rLATOUSAM  signifies  an  ammonimn  in  which  one  atom  of  hydrogen 
has  been  replaced  by  one  platens  atom.    Symbol,  ZIPPt. 

Pla  tjcam  is  an  ammonium  in  which  one  atom  of  hydrogen  has  been 
replaced  by  one  j)latic  atom.    Symlx)l,  ZH'Ptc. 

These  four  Ksdicals  produoe  four  distinct  Classes  of  Salts. 


Class  I.  Platous  Salts. 


1=^^  (^Ujl-BG- J  I.  Pt,PtO      .  . 

2.  PtS     .    .  • 

3.  PtCl   .   .  • 

4.  Ptci  +  zira 


5    Pt;  ZH*;SW 

6.  PtI .   .   .  . 

7.  PtCy  .    .  . 

8.  H,Pt,Cy«  .  . 

9.  ZH*,Pt,Cy«  . 

10.  K,Pt,Cy«  .  . 

11.  (K,Pt,Cy«y  +  KCy 


Platous  platousate. 
Platons  sulpha. 
Platous  chlofa. 
Platoos  chlora  com  ammona 
chlom. 

Platons  ammona  anlphenite. 
Plaloos  ioda. 

Platous  cyana. 
Hydra  platous  cyanen. 
Ammona  platons  cyanen. 
Potassa  ])latous  cvanen. 
Peutakis  jxitassa  plattjiis  cyanen 
cum  potassa  cyana. 
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la.  (ZH*,Pt,<y)»  +  ZH^ 

13.  Pt,Cy,S«  

14.  K,Pt,Cy«;S*  •   .   .  . 

15.  Ag,Ft,C7,«S*.   •   .  • 


Peotakis  ammona  pistons  cjanen 

cum  ammona  cyana. 
Platous  ^ana  sulpbene. 
Potassa  ][^toa8  cyanen  aol- 

phoiie. 

Argrntn  platoos  cyanea  sol- 
phuue. 


Usual  Names  Aim  Fobmulm  of  the  Platdus  Salts* 

In  these  Forrnuhr^  O  s  8.    Pt  =  99. 

I,  Protoxide  of  platinum;  platinrms  oxide  =  PtO.  2,  Protosiilphide 
of  platinum ;  platinouB  sulphide  =  PtS.  3,  Protochk  ridL'  of  platinum ; 
platinons  chloride ;  chloroplatinous  acid  =  PtCI.  4,  Chloroplatinate  of 
ammonium  =  NH*Cl,PtCl,  Peyrom,  (This  is  the  model  of  three  series 
of  salts.  In  one  of  them,  the  chloroplatinit€«,  ZH*  is  rejjlaced  by  K  or 
some  otlier  metal.  In  the  other  two  beries,  the  two  atoms  of  CI  are  re- 
placed by  Bi^or  P,  giving  rise  to  the  bromoplatinites  and  iodoplatinites.) 
5,  Sdphite  <^  plattnous  oxide  and  ammonia  s  VB*OJSC^  +  PlO,S0^. 
0,  Piotoiodide of  platinmn ;  platiooos  iodide;  iodoplatinous  add  =  PtI* 
7,  Piotocyanide  of  platinum ;  plattnous  cyanide  s  PtCy.  8,  Hydio- 
platinoevanic  acid  «  HCy,PtCy«  9,  Platinocvanide  of  ammonium 
=  NH%,PtCy.  10^  Platinocyanide  of  potassium  =  KCy,PtCy. 
Numl^ers  9  and  10  are  models  of  a  large  class  of  salts,  which  differ  only 
in  ha\inf^,  in  the  place  of  ZH*  and  K,  one  of  these  radicals,  Ba,  Ca,  Mg, 
Cue.  Hgc,  Ag.  II,  Platino-platinidcyanide  of  potassium  =  K'Pt^Cy" 
=  KCy,5KPtCy*.  12,  Platino-platinidcyanide  of  ammonium  = 
(NH*)'Pt»Cy"  =  NH*Cy,5(NH*PtC\'«).  There  are  many  other  salts 
on  the  model  of  Nos.  11  and  12,  in  which  ZH*aDd  K  give  i)lace  lu  iS'a, 
Ca,  Mg,  l*b,  Fe,  &c.  13,  Sulphocyanide  of  platinum  =  PtCyS*.  14, 
Plalino-bisulphoCTanide  of  potassiran  =  KPtC*N»S*  &  KPt2(CyS*). 
15,  Platino-bisulphocyamdeofsaTer  »  AgPt  a(C)'S"). 

Nos.  I  to  I  a  are  given  on  the  antfaority  of  Gmelin's  Handbook 
Chemistry.  Kos.  1 3  to  1 5  are  on  the  anthoritj  of  Bnckton. 
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Class  II.— Flatic  Salts. 

^f^"^        i6.  PtcPtcO,    .    .    •  Platic  platicate. 

^^Hy.^        17.  PtclIO   «    .    •    .  *  Platic  hydrate. 

18.  PtcS   Platic  sulpha. 

J^J^U^  19.  PtcCl   Platic  chlora. 

Kv<^»^^^     20.  KCl     4-  aPtcCl    .  Poti<;<n  chlora  1ms  platic  chlora. 

21.  XaCl    4-  aPtcCl    .  yaii  A  chlora  his  platic  chlora. 

^                  22.  ZH*C1  +  2PtcCl    .  Amraona  chlora  his  platic  dUonu 

23.  Ptel   Platic  ioda. 

ji  ^l.^r^^     24.  ZH^I  +  4PtcI    .  AiximoDa  ioda  tetrakis  platic  ioda.  ^ 

25.  H,PtcP;  P    •    .    ,  Hydra  platenic  iodine. 

^M^.t^l^    26.  Pt,Ptc*;P  .    .    .  PJatous  platenic  iodine. 

27.  PtcSO*   ....  Platic  aulphete. 

28.  KCl    +  2PtcCy  •  Potassa  chlora     platic  cyaoa. 

29.  ZH^Cl  4-  aPtcCy  .  AminoDa  chlora  bia  platic  cyana. 

30.  ZH^  Pt(;',Cy*    .    .  Ammona  platenic  ^anina. 

31.  IC,Ptc*,Cy*   .    .    .  Potasaa  platenic  cyanine. 

32.  ZH*,Ptc*,Cy',S' .   ,  Ammona  platenic  cyanine  sulphade. 
33*  K,Ptc%Cy%S*    •   •  Potassa  platenic  cyanine  sulphade. 

UsaAL  Names  and  Fobmuls  op  the  Platic  Salts. 

In  these  formulce  0  =  8,  Pt  =  99. 

16,  Platinic  oxide;  bioxide  of  platinum  ~  PtO*.  17,  Hydrate  of 
platiiiic  oxidp ;  platinic  hvdrnte  =  PtO,2H0.  18,  Bisulphide  of  pla- 
tinum; platinic  sul  J  )hide  =  PtS*.  19,  Bicliloride  of  platinum  ;  pLitinic 
chloride;  chloro])latinic  acid  =  PtCl*.  20,  Chloroplatinate  of  pota^lum 
=  KCI,PtCl«.  2 1 ,  Chloroplatinate  of  sodium  =  NaCUPtCI*.  2  2 ,  Chloro- 
platinatc  of  ammonium  =  NH*Cl,PtCl*.  There  are  other  salu-;  uu  the 
nnxiol  of  Nos.  20  to  22.  The  salts  that  arc  called  chloroplatinites  are 
fornu'<l  on  the  model  of  No.  4.  23,  I'lUiudido  of  platinum;  platinic 
iodide;  iodoplatinic  acid  =  PtI*.  24,  lodoplatinate  of  ammonium  = 
NH*I,2PtP.  (Instead  of  the  name  and  formula  which  I  iiave  given  in 
the  Table,  we  oould  also  write  ZH^Ptc^P  =  Ammona  platouic  iodone). 
2$t  Hydriodate  of  platinic  iodide  s  PtP3I*  26,  Sesqai-lodlde  of  fw- 
tiimm  ss  PifP.  (This  aeema  to  be  a  aalt  pieciaely  oorreBpondiog  to 
Now  25.  Tlieie  are  eqnivalent  salts  with  K,Na,  ftc,  instead  of  Pt;  and 
a  corresponding  series  with  Br  instead  of  I).  27,  Sulphate  of  platinic 
oxide;  platmic  sulphate  =  PtO*,2S(>'*  Two  atoms  of  an^hnric  add 
are  required,  because  two  atoms  of  oxygen  are  assumed  to  be  preset  in 
the  base  in  combination  with  only  one  atom  of  metal ;  so  that  eig^ 
of  oxygen  are  demanded  by  the  current  theory,  while  two  atoms 

^  1 
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suffice  on  the  ladical  theory.  38,  Bicjratiide  of  pktiDuni  with  chloride 
of  potaasinm  ss  KCl^PtCv*.  29,  Bic^anideof  platmnm  with  chloride  of 
ammonium  =  NH*Cl,PtCy".  30,  Platinidcyanide  of  ammonium  = 
NH*C\-,  PtCy».  31,  Platinidcyanide  of  potassium  =  KGy,  FtCy*. 
32,  Piatino-tersulphocyanide  of  ammonium  =  NH*,Pt  jCyS*.  33,  Pla- 
tino-tprsulphocvnnido  of  potassium  =  KPtC^N'*fc>''  =  KPt  ^CyS*.  Nos. 
32  and  33  are  models  of  a  scries  of  salts  in  which  K  aiul  ZIP  are  re- 
plac»^l  })V  Fo,  IIlt,  Agy  Pl>,  and  H.  See  Buckton,  Quart er1>i  Jounwd 
of  thy  (  ')f'iu,'cal  Soci'Hi/,  vii.  22.  The  names  and  formulae  from  ^io.  16 
to  31  arc  taken  6x>m  UmeUn's  JJandlmk  of  Clmtmii'y, 


Class  m.— Salts  of  Platousam  =  ZHTt. 

34.  ZPPrt:Cl   Platousam  ch!ori. 

35.  ZH'Pt ;  CI -J- ZH*>fcl  ♦    .  Platuus;mi  cliloni cum amida hydra. 

36.  ZH'Pt;  Br   Platouisam  broma. 

37.  ZH*Pt ;  Br  4*  ZH*  H  .    .  Platousam  hroma  cum  amida hydra. 

38.  ZH*Pt ;  I   Platousam  icxla. 

39.  ZH^Pt ;  I    4"  ZH*,H  .    .  Platuusam  ioda  cum  amida  hydra. 

40.  ZH'Pt;HO  .    .    ,    .    .  Platoiuem  hydrate 

41.  ZH*Pt;  ZHTtO    .   .   .  Platoiuam  piatouflamate. 
4a.  ZH*;  Zri'FtO   ....  Ammona  pktoasainate. 

43.  ZH*Pt;  SO*  Platotisam  solpliete. 

44.  ZHfPt;  SO^  +  ZH*,!!    .   Platousam  snlphete  cum  amida 

hydra. 

45.  ZIPPt;  NO*  Platousam  nitrite. 

46.  ZIPPt;  ^0*+ ZU%H    .    Platousam  nitrite  cum  amida 

hvdr.i. 

47.  ZH* ;  ZH'Pt ;  CO*  .    .    .    Aininoiia  platousam  carbite. 

-  JZH*j  ZH*Pt;CO*  .  .  J  Amniniia  platousam  carbite  cum 
^  **|ZH*;  ZH^PtO    .    .    .    .)      auuuun.i  iilatousamate. 

49.  ZHH't ;  Cy  Platousam  cyana. 

50.  ZH*Pt^Cy  +  AgCy       s    Platousam  cyana  cum  aigenta 
  cyana. 

51.  ZJtl*l%Cy  4-  ZnCj  »  Platousam  cyana  cum  anca^aoa. 
5a.  ZH'Ptyi^  4*  Copy      a    Platousam  cyana  cum  oobeltous 

cyana. 

53.  Z£PPt)Cy  +  Ni  Cy       «    Platousam  cyana  cum  niooobua 

cyana. 

54.  ZIPPt:Cy;S*  ....    Platousam  cyana  sulphene. 

5^.  ZIP  ;  ZHH^t:  S'O' ^    .    .    Ammoua  platousam  sulphenite. 

,  JZH*;  ZH*Pt;S*0*.  .lAmnuma  platousaumiii  bisul- 
5^*\ZH'Pt;ZH*Pt;S*0*  .    .j  phemte. 
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57*  I ZH*  •  ZH*    *  SH>*  f  pmtousam  bisulphezute. 

JZH^  ZH*Pt;  SKy  1     .     Ammona    platousam  sulpbemte 
59'^ZH*Pt;Cl  f-T'^fl'    arm  platoosam  chlora  aqnate. 

60.  ZHTt;  CI  4-  ZH*Cac  ;  CI    Platoiusani  chlora  cum  capricani 

chlora. 

61.  ZH*Pt ;  CI  4- ZH'^Hgc ;  CI    Platousam  chlora  cum  mericam 

chlora. 

62.  Zm\ ;  CI  -f  ZH^'b  ;  CI    Platousam  diloni  cum  plunibani 

chlora. 

63.  ZHTt;  CI  4-  ZH'Zn  ;  a    Platousam   chlora    cum  zincam 

chbre. 

64.  ZH(C  H»)'Pt ;  CI  4-  ZH*,H  Platoua  -  methylem   chlon  cmn 

amida  hydra. 

65.  ZH(C^*)*Pt;  a  4-  ZH*,H  Platoua^thylem  chlora  com  amida 

hydia. 

66.  ZH((7H*)'Pt;  a4-ZH',H  Platooa  -  phenylem   chlon  com 

amida  hydra. 

67.  ZH^CH^Pt;a    .    .    .   Platou^-phienylam  chlom. 

68.  ZH'^G'IP;  Cl4-PtCl    »    Phenylam   chlora   euro  platous 

chlora. 


Usual  Names  and  Formula  of  the  Salts  of  Platousam. 

34].  ZIPPt;  a  s  Platousam  chlora. 

This  formula  represents  a  compound  vvliich  contains  the  following  pro- 
portions of  the  resi)ective  elements ; 

Nitrogen.  .    .    .  i  atom  -  14 

Hydrogen  ...  3  atoms  =  3 

Platinum  ,    ,    ,  i  atom   =  99 

Chlorine  .  •    .    .  i  atom  ^  35*5 

There  are  several  ways  of  preparing  a  compound  of  this  compositioo, 
aiid  the  compounds  thus  prepared,  though  similar  in  their  ultimate  oom- 
position,  have  different  properties,  and  give  rise  to  the  notion  that  tbey 
differ  in  their  proximate  constitution.   Three  varieties  may  be  specially 

noticed : 

a).  The  Green  Salt  of  Magnus  is  prepared  thus :  A  solution  of  |)rotc>- 
chloride  of  platinum  (3]  Platous  chlora)  itf  hydrochloric  add  is  super- 
saturated with  ammonia.  The  platous  atom  undergoes  no  change,  and 
the  quantity  of  chlorine  remains  the  same,  but  they  combine  with 
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ammooia,  and  the  question  is,  in  what  manner  are  the  fbor  atoms, 
Z  4*  H',  coDnoctc'cl  with  the  two  atoma  Ft  +  CI.  In  fonnula  34]  it  is 
assumed  tliat  Z  -j.  H*  +  Pt  have  produced  the  vice-ammon  platomam, 
and  thfit  tliis  is  combined  directly  with  the  chlorine.  But  the  facta 
achiiit  of  various  other  explanations.  Thus,  we  may  assume  that  the 
platous  chlora  =  PtC\  combines  directly  with  the  ammonia — salt  to 
salt — and  produt  t-.s  Um  double  8alt  =  PtCl  -|-  ZH*,H ;  and,  j>nice  many 
salts  of  platousani  |xj.sse.ss  this  property  of  combining  with  ZH*,H  (see 
Nos.  35,  37,  39,  44,  46),  it  is  nut  unreasonable  to  suppose  tiiat  the 
flame  power  of  combinatioD  may  also  exist  in  the  platoos  salts. 

Another  explasatioii  ta,  that  the  oombination  may  be  of  the  same 
nature  as  the  hjdrocblovate  of  ammonia  (see  \mge.  197) ;  and,  in  that 
view,  may  reqaiie  the  Ibnnnla  ZH,Pt;  H  +  HGl.  hi  this  fonnnla 
ZH^Pt  represents  a  vice-amidogen ;  the  formula  ZH,Pt ;  H  the  oor^ 
lesponding  ammonia,  and  the  formula  HCl  the  hydrochloric  add  requisite 
to  constitute  a  hydrochlorate  of  this  peculiar  ammonia. 

One  of  the  methods  of  preparing  tlie  compound  under  consideration 
consists  in  adding  platous  chlora,  =  PtCI,  to  the  salt  representetl  by 
fornmla  35]  =  ZiPFt;  CI  +  ZH*H,  which  mav  thus  ])roduce  a  com- 
jxwHl  of  the  f.llowing  formula,  (ZH'Pt;  CI  4.  ZIPll)  +  PtCl. 

Finallv,  we  can  imagine  the  existence  in  this  amipouud  of  the  radieal 
pkUoiLscm  =  ZH*Pt*,  which  would  then  r^uire  the  following  formula : 
ZIPPt* ;  CI  -f-  ZH^Cl. 

We  have  thus  five  formula?,  all  of  which  express  the  same  quantities 
of  the  same  elements,  but  differ  greatly  in  their  prosimate  airangement, 
and  every  one  of  which  has  some  claim  to  be  oonsideied  the  right 
fonnola : 

1)  .  ZHTtjCh  J  4).  (Zli',Pt;Cl  +  ZH*H)+PtCl. 

2)  .  PtCl        4-  ZH«H.  .   jZHTt";  CI  { 

3)  .  ZH,Pt;  H  -h  HCl  5>  \m*     ;  Cl.f 

It  is  not  i-niikely  that  some  of  the  duplicate  s;ilt3  of  this  series  may 
require  ionnulai'  .similar  to  No.  5),  containinor  jilalouspm  instead  of  pla- 
tousam  ;  l>ut  in  the  |)i\'.seut  stiite  of  our  knowledge  <  if  thv-se  cumpomids, 
while  it  is  easy  to  construct  such  formulae,  it  is  nn|>o4>sible  to  ascribe 
them  with  any  certainty  to  the  proper  compoimds. 

5).  mow  iSble.  — Fteparation  i).  The  oompoond  No.  35], 
=  ZB^t ;  0  4*  ZH'H,  is  heated  as  long  as  it  ^ves  off  ammonia, 
a).  The  green  salt  is  dissolved  in  a  boiling  solution  of  sulphate  of  am- 
monia. \Vhi  11  the  solution  cools,  the  yellow  salt  is  deposited.  There 
are  several  other  methods,  but  none  which  gives  any  precise  information 
respecting  the  proximate  constitution  of  the  salt.  When  the  yellow  salt 
is  dissolved  in  aqueous  ammonia,  the  salt  No.  35]  is  reconstitiited.  The 
yellow  salt  is  sometimes  called  the  hydrochlorate  of  Reiset's  second  l>ase. 

c.)  The  Bed  iSaiL — Carbonate  of  ammooia  \&  added,  drop  by  drop. 
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to  a  Iwiling  solution  of  neutral  protochloride  of  platinum,  No.  :  the 
red  >filt  crystallises  whon  the  solution  cools.  If  rarbonate  of  aminnnia  i.'? 
added  at  once  in  great  excess  to  a  cold  fiolutiou  of  protochloride  of 
platinum,  the  f/clluic  salt  is  produced. 

There  ap[>ear  to  be  several  Dther  compounds  of  this  same  percentage 
composition  (see  Gniehn's  IJaadUj-jk  of  Chetnistryy  vi.  300),  Vnit  neither 
the  methods  of  preparing  them,  or  of  conv(Tting  them  into  other  ct im- 
pounds, nor  their  properties  or  reactions,  LUdLie  us  to  allot  to  them 
with  certainty  any  one  of  the  above  fornuihie  in  preference  to  the  others. 
The  prevailing  opinion  of  chemists  is,  that  the  green  salt  oontains  twice 
as  many  atoms  as  the  other  salts^  bot  this  opinioii  does  not  lest  00  anj 
strong  foandatioD. 

Symnymea* — ^Chloride  of  di]datosammoiiinm»  BucSdon*  AmmookH 
protochloride  of  platiDmn,  with  one  atom  of  ammonia  K]P,PtC3« 
6Mm.  Hydrochloiate  of  platosamine  ~  ClH,NiPPt,  Qtrhardi;  baft 
acoordmg  to  him  the  green  salt  is  chloroplaftimte  of  diplatosamifie 

=  Pta«H,N»H*Pt,  Platammoniumchlorur  =  NCI,  Grimm  (the 
yellow  salt).    Anmion^PJatammoniumcfalorUr-Flatinchlortir  ^  \  Vt  V 

[ci*  I 

NCI  -f-  PtCl,  Grimm  (the  green  salt).*    Miller  calls  the  yellow  salt 

Hydrorhloratc  of  platosamine  (Reiset*s  second  base)  =  FtH^X,n  ;  while 
he  calls  the  green  salt  INIiignus's  green  salt  (Reiset*s  finit  base)  = 
PtH«N*Cl  +  PtCl.  This  last  formula  agrees  with  No.  4)  in  the  above 
list  of  fwssihie  formnlfT',  An  objection  to  this  particular  formula  is.  that 
it  is  diflicult  to  understand  how  it  hapi^ens  that  (ZIPPt;  a  +  ZH*H) 
-f  PtCl  does  not  instantly  become  ZHTt;  CI  -f  ZH'Pt;  CI,  a  cc»m- 
pouud  which  requires  formula  1), 

35].  ZWPt ;  a  4-  ZIPH    •   Flatousam chlora  cmn  amida  hydra. 

Under  the  head  of  "  Ammoniated  Salts,"  at  page  198,  I  have  ex- ♦ 
plaine<i  the  natiure  of  the  com|X)unds  that  are  fornifKi  In  tiie  combination 
oi'ciumiouia  with  neutral  salts.  It  is  of  im[)ortance  to  liear  in  iiund  that 
these  compounds  are  double  salts,  liecause  it  clears  awav  one  of  the 
difficulties  in  the  theory  of  tlie  platinum  bases.  Gmelin's  name  and 
formula  for  this  salt  are  Ammonio-protochloride  of  platinum,  with  two 


*  Grimm*s  names  and  formuhe  ave  quoted  from  Liebig's  Handworter- 
bach  der  Chemie,  Band  vi.  To  save  room.  I  shall  here  qtiote  his  34ine 
formula2  in  one  line,  thns :  (H*N,Pt,Cf')NCl  -f-  PtQ.  The  rwider  i^-ill 
imderstand,  that  the  quantities  that  nre  ]^laced  within  the  par^thesis, 
and  ]K)inted  cff  by  commas,  most  be  placed  in  a  coloma  to  rgweseot 
Grimm's  formula. 
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atoms  of  ammonia  s  3NlP,PtCl  He  gives  the  foUoviog  aoooont  of 
its  pieparation.  Protochloride  of  platinum  is  immersed  in  aqneoos 
ammonia,  and  boiled  witlj  it,  the  liquid  being  frequently  renewed  till 
the  green  compound  of  Magnus,  which  is  formed  at  first  with  evolatioii 
of  heat,  is  dissolvedi  after  which  the  solution  is  evaporated  to  the  crys- 
tallizing point  The  green  salt  of  Magnus  may  likewise  be  tzeated  in  a 
similar  manner.  {EeisU)J*   These  reactions  seem  pretty  dear : 

First  reaction :     PtCl  +  ZH*,HO        =  ZIPPt,Cl  +  HHO. 
Second  reaction :  ZH'Pt,Cl  +  ZH*,HO  =  ZH'Pt,Cl  +  ZH*H  +  HHO. 

Gerhardt's  name  for  Ko.  35]  is  Hydrochlomto  of  diplatosamine 
=  HCl,J^*H*rt.     Grimm  calls  it  Ammon-Platammoniumchloriir 
=  (H*N,Pt,H*)NCl.   Buckton*s  name  is  Chloride  of  diplatosammonium 
=  PtH«NH:i.  MWler  calls  it  Hydrochlorate  of  diplatosamine  (or  Keiset's 
first  base)  =  PtH*^^^a. 

When  this  salt  is  heated  in  a  tribe,  it  gives  off  ZirH,  and  produces 
tho  j/eJhyn  varictv  nf  No,  ■54].  When  its  solution  is  mixed  with  solution 
of  Nu,  3],  It  produces  the  green  variety  of  No.  34].  Buckton  hi-^  de- 
s*:!'!!"^!  a  remarkable  reaction  with  this  silt.  He  nuxf<l  a  solution  of  it 
with  sesquirhloride  of  iron,  oxf  ir*  titf-T  to  obtain  a  double  chloride  similar 
to  tliose  described  at  Nos.  6oj  t^)  63I.  In  that  expectation  he  failed; 
bill  iie  procured  a  precipitate  which,  on  analysis,  proved  to  be  Platicam 
chlora,  No.  70]  =  ZH'PtcCl.  After  precipitation  of  the  iron  soJutiun 
by  an  excess  of  the  platinum  s;ilt,  he  found  the  solution  to  contain  no 
sesquichloride,  but  only  protochloride  of  iron,  the  disengaged  ecpiivalent 
of  chlorine,  having,  according  to  him,  united  itself  to  the  platinum 
chloride,  as  represented  in  the  following  cqoation : 

PtHWd  +         =  PtCmW,  a  +  2(FeCl). 

Aoooiding  to  my  notation,  this  reaction  is  explained  as  follows : 

ZIPPt ;  a  +  ZH^H  -f  Fec^CP  =  ZHTtc ;  CI  +  ZH*Ptc ;  CI  +  Fe«a«. 

That  is  to  say,  the  three  feme  atoms  in  the  presence  of  a  basic  com- 
poond  become  two  fenons  atcnns,  and  abandon  one  atom  of  chlorine* 
This  firee  chlorine  converts  the  one  platons  atom  into  two  platic  atoms, 
and  sufficieot  hydrogen  and  nitrogen  to  fonn  two  vice-ammons  being 
present,  the  products  are  two  atoms  of  platicam  chlora,  and  two  atoms 
of  fenoos  chbra. 


36].  ZH'Pt;  Br 

37  .  ZHTt;  Br  +  ZIPH  • 

38" .  ZH'Pt ;  I 

39J.  ZffPt;I-hZH«H  = 


PlatoQsam  broma 

Platonsam  broma  com  amida  hydra. 

Platonsam  ioda. 

Platonsam  ioda  com  amida  hydra. 

Y 
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These  four  salts  are  evident] j  the  conresponding  nits  to  34]  and  35], 
the  only  diHerenoe  boDg  io  tb«  replacement  of  the  negative  radical  CI  hf 
Br  or  1*  It  ia  cousequantljr  neediess  to  enter  into  details  respecting 
them. 

40].  ZHTt;  HO  =  Platoosam  hydrate. 

Dr.  Hofmann,  speaking  of  the  Platosamioc  bases,  says — **The  free  base« 

which  Brodie  has  reoently  produced,  has  the  composition     V  NO,HO, 

and  is  oonsequentty  a  true  PlatOMammoniiynoxydhydrate.**  SupplemndB 
zum  ff€mdw0rUrtiche  dsr  Chmie,  p.  473.  I  can  find  no  aoooimt  of  tfaia 
substance.  Compare  No.  40]  with  No.  41].  Which  of  these  salts  did 
Brodie  diaooTer? 

41].  2SlPPt;  ZUTtO  =  Piatousam  platousamate. 

This  compound  is  produced  when  No.  49]  is  exposed  to  heat 

ZH*:  ZWVtO]  _  JZHTt;  ZHTtO 

ZW  ;  ZH^PtOj  ~^  \ZH*H  +  ZH«H  4.  HHO. 

This  is  the  hydrate  of  Gerhardt's  Platoeamine,  and  Reisers  second  base. 
It  forms  a  grey  porous  mass,  insoluble  in  water  and  in  ammonia.  Dr. 
Miller^s  formula  for  Platosamine  is  PtH*N,0. 

42].  Za* ;  ZH'PtO  =  Ammona  platousaniate. 

This  compound  is  obtahied  by  precipitating  the  flolutioii  of  the  sulphate 
No.  44]  with  bary tBrwater : 

ZiPPt;  S0«  +  ZH«H  -h  BaHO  -  ZH*;  ZH'PtO  4-  BaSO». 

or  by  acting  upon  the  salt  No.  35]  by  oxide  of  silver  (that  is  to  say, 
newly-precipitatod,  or  in  the  state  of  hydrate)  : — 

ZH*Pt;  a  +         4*  AgHO  =  ZW;  ZH'PtO  +  AgCl, 

Gmelin  gives  it  the  fomiula  2NII*,PtO,HO,  and  calls  it  Ammonio-j)n> 
toxide  of  [)lutinimi,  or  Pkitinite  of  auiiiiuii  .i,  \\  ith  two  atoms  of  ammuuiu 
and  one  atom  of  water.  According  to  Berzelius,  the  formula  is 
>;HTtO  4-  NHK).  If  O  is  taken  =  16,  this  formula  agrees  with  mine. 
Grimm  calls  it  Ammon  -  plataromonlumoxydhydrate  =  (H*N,Pt,H') 
NO.HO.  Gerhardt's  formula  is  N^*Pt  +  2HO.  The  first  divisioD  of 
this,  formula  =  N*HPPt,  represents  an  imaginary  base  which  Gerhardt 
(allGd  Biplatosamine  or  Diplatosamine.  I>r.  Miller^s  formula  for  Diplm* 
tosamine  is  PtH*N',0  +  HO.  A  name  by  which  this  oomponnd  is 
frequently  distinguished  is  Keiset's  fiist  base."  Reiset's  second " 
base  is  the  radical  of  No.  41].  Dr.  Hofoiann  gives  the  following  acoovmt 
of  the  present  compound.      The  constitution  of  the  base  is  not  so 
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simple  as  that  of  the  Platosammomumoxydhydrate  (No.  40).    It  con- 
tains the  elem^te  of  that  oompound  +  1  equiv,  ammoaift 

PtIPlTO,HO  -  ^1  NO.HO  +  H»N. 

We  hare  at  this  moment  nothing  to  guide  as  in  forming  an  opmioo  of 
the  manner  in  which  this  equivalent  of  ammonia  is  cornbined  with  the 
Platoeammoniomoxjdhjdrate.  If  we  adopt  Graham's  idea,  that  when 
anmionia  combines  directly  with  bodies  that  oantain  hydrogen,  it  may  be 
considered  as  ammoniom,  replacing  one  atom  of  hydrogen,  then  we  may 
consider  Platosamino  as  an  ammonioplatosammoniiimoxyd,  composed 
according  to  the  following  formula : 

H"  I 

H*N  \  NO.HO. 
Pt  j 

I  may  remark  that  the  tendency  of  bases  to  comljiiie  with  a  second 
equivalfiit  ol'  ammonia  is  frequently  nmnif^^sUd  in  complex  compounds." 
Supplemeute  zum  Haiuhiorterbuche  dcr  Chemie,  473.  In  this  pass^e 
Hofmaiiii  adopts  the  notion,  tliut  ammonium  ZH*  can  replace  H'  in 
ammonium,  a  notion  which  appears  to  me  to  be  subversive  of  the  very 
idea  of  an  ammoninm.  I  have  not  met  with  Mr.  Graham's  advocacy  of 
this  strange  proposal 

The  salt  42]  has  strong  alkalme  properties ;  its  solution  is  nearly  as 
oocToeive  as  tnat  of  caustic  soda;  and  it  rapidly  attracts  carbonic  acid 
from  the  atmosphere.  The  formub  which  I  have  given  to  it  is  equi* 
valent  to  that  of  anhydrous  soda : 

ZHSZIPPtO  =  the  suit  No.  42]. 
2s'a  ,Na     O  =  anhydrous  soda. 

With  hydrochloric  add,  the  salt  42]  produces  water  and  the  chlorine 
compound  35J: 

ZH^  ZHTtO  +  HCl  =  (ZIPPt;  CI  +  +  HHO. 

43  j.  ZJEFPt;  SO*  =  Platonsam  sulphete. 

Formed  by  boiling  Platoosam  ioda,  Na  38]  =  ZIPPt,I,  with  aqueous 
sulphate  or  silver.  Gmelin  calls  it  Ammonio-sulphate  of  platinous  oxide, 
with  one  atom  of  ammonia  =  NIPJPtO,SO*  +  HO.  He  says  that  this 
water  cannot  be  sepamted.  In  that  case,  the  formula  43]  should  be 
ZH'PtySO*  +  ^aq.  The  salt  reddens  litmus  strongly.  By  solution  in 
ammonia,  it  is  converted  into  No.  44J.  Grimm  describes  it  as  Sulphate 
of  platosamine  =  (PtH')NO.S(>*. 

44].  ZHTt;  SO*-f-ZIi*H  =  Plabousam  sulphete  cum 

amida  hydra. 

t2 
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The  prepaiation  is  described  in  th«  note  to  43].  It  can  also  be  propared 
by  adding  jjtroncr  sulphuric  acid  to  Platousam  chlora  cum  amida  hydra. 
No.  35]  s  ZH'Pt;  01  +  ZH'H.  In  the  last  caae^  the  xesuctkm  Ma 
entirely  upon  the  chlorine  of  the  salt: 

a + Hso^  =  so^ + Hca. 

The  salt  forms  transparent  scjuare-Utsed  (jctulx-ilrons,  wIjIcIi  liave  no 
action  on  vegetable  colours.  Gnielin  calls  it  Ainmonio-bulphaU;  of  pla- 
tinous  oxide,  with  two  atoms  of  ammonia  =  2NH',PtO,80*.  Grimm 
calls  it  Sulphate  of  ammon-platanuDoninmozyd  =  (H*N,Pt,H*)NO.SO\ 
Gerfasidt's  name  is  Sulphate  of  diplatosamine. 

45].  ZHTt;  N(/  =  Platousam  nitrite. 

Formed  by  boiling  Platoossm  ioda,  38]  =  ZH^Pt;  I,  with  aqneons 
silver  nitrate  (AgNO*  s  argents  nitrite).  The  reaction  is  simply  a  esse 
of  doable  decomposition : 

ZffPt ;  I  -h  AgNO»  =  ZKPPt;  N0»  4-  Agl. 

The  solution  of  the  crystallized  salt  reddens  litmus  strongly.  It  is  con- 
verted, by  solution  iii  ammonia,  into  the  salt  2<o.  46J.  Gmelin  caiU  it 
Ammonio-Nitrate  of  platinons  oxide,  with  one  atom  of  ammonia 
8  NH',PtO,NO».  It  is  Qerhardt*s  Nitrate  of  platoeamine  »  NH*Pt, 
NHO*.   Sometimes  called  the  Nitrate  of  Rei8et*s  second  base. 

46J,  ZH*Pt;  KU'  -f  ZH»H  =  Platousam  nitriUi  cum 

amida  hydra. 

This  salt  is  prepared  by  acting  njwn  ])Iatousun  elilt»ra  cum  amida  lixdra. 
No.  35I  =  Zli-Tt:  Cl-f  Zmi,  eitlier  with  nitrate  of  silver  A-N()», 
or  witii  nitric  acid  =  HNO*,  when  double  dect»m|X)sition  I'D^ues. 
Gmelin's  uuuie  for  this  salt  is  Ammonio-nitrate  of  platinous  oxide,  with 
two  atoms  of  ammonia  =  2NH',PtO,NO*.  It  is  Gerhardt's  Nitrate  of 
diplatosamine  =  N*H*Pt,NHO^.  6rimm*s  name  is  Nitrate  of  ammon* 
platammoDinmoxyd  «  (H*N,Pt,H*)NO.N0*.  Miller  calls  it  Nttnte  of 
diplatosamine  (Reiset'a  first  base)  =  PtH*NK),NO*. 

47].  ZH*;  ZH*i't;  00'  =  Ammoiia  platousam  carbite. 

This  fcHTUula  represents  a  neutral  carbonate,  in  which  platousam  and 
ammon-a  form  tlie  two  positive  radicals.  These  radicals  are  tlie  same  as 
those  wlueh  occur  in  the  salt  No.  42]  =  ZH*;  ZIPPtO.  It  is  formed 
when  a  solution  of  the  salt  No.  42]  is  exposed  to  a  current  of  carbonic 
acid  gas : 

ZIP;  ZH  I'lO  +  CO*  =  ZH*;  ZH'Pt;  C0». 

Tlsis  salt  is  Gerhardt*s  Carbonate  of  diplatosamine,  ^wA  Grimm'^  Cnr- 
lionate  of  ammon-platamnioniumoxyd  =  (H*N,rt,H*)N<  >  <  '0*-f  HO.CO*. 
This  formula  leads  Grimm  to  call  it  the  acid  salt,  and  he  allots  the  term 
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nguMl  $dU  to  the  one  which  I  have  foimakted  in  Ko.  48],  so  that»  in 
my  opinioo,  he  misnames  both. 

g-j   IZH*;  ZH*Pt;  CO*)      Aininoiia  platousani  carbite 
^-i'  (ZH*;  ZIPPtO      J         cum  ammona  platousamate. 

or  thus,  as  a  tetrabasic  salt : 

(ZH«)*;  (ZH*Pt)*;  00*    ^  Ammonen  platonaamen  carbote. 

This  ivilt  IS  a  compound  of  No.  47]  with  N(i.  42].    It  is  prrnUired  by 
€'xp<_\sing  li  solution  of  No.  42]  to  atmo.splieric  air.   Grimm's  loriiiula  for 
ailed  ncLitial  salt  is  (H*N,Pt,H')NO.CO*  4-  IIO.  He  also  notices 
a  sesquicarbonate  with  the  formula 

a  (  Pt  I  NO.CO*  j  +  HO.CO\ 

the  ocourroncf  of  which  is  iini)robable.  Miller,  also,  aills  No.  47]  Bi- 
carbonate of  diplatosaniine  (Rciset's  first  base)  =  HU,PtH*N*0,2CC)". 

It  is  wortliy  of  r.-niark,  that  a  salt  which,  on  the  Radical  theory,  is  a 
bibasic  wtnd  carbonate,  may,  on  the  theory  of  "  acids  and  bases,"  be 
represented  as  a  fnoru^sic  bicarbonate. 

49].  ZEPPt ;  Of  s  Platonsam  cyana. 

The  cvanide  of  platuu-ain.  It  is  produced,  in  coiiij>anv  with  iivdio- 
cyanai.  •  of  ammonia,  by  .saturating  the  protoxide  No.  42J  with  Iiydrocyanic 
acid  (HCy  =  hydra  cyana).    Thus : 

ZH* ;  ZffP^O  +  ESif  «  ZR'Cy  +  ZffPt^Cy  HHO. 

The  ptodncts  are  platooflam  cyana,  ammona  cyana,  and  water.  It  is  also 
prodnoed  by  passing  cyanogen  gas  through  a  solution  of  Na  42].  The 
sepaiated  oxygen  gives  rise  to  some  seoondaty  reactions.  Bnckton  con- 
sidefs  the  most  convenient  method  of  production  to  be  that  of  decom- 
posing Platonsam  cMom  No*  34]  =  ZH'Pt;Cl  by  Potassa  cyana 
m  KCy»  whidi  is  a  caae  of  direct  double  decomposition : 

ZHTt,a  4-  KCy  =  ZlPPt;  Cy  +  KCl. 

The  decomposition  of  the  salt  No.  49]  by  nitrate  of  silver  =  AgNO, 
aigenta  nitrite^  is  as  follows 

Sjfnomfmes*  Hydrocyanate  of  platosamine  =  p^>N.UCy  and  Cyanide 

IP) 

of  platosammonium  =  p^/  N.Cy,  Bucktxnu 
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50].  ZIPT^t ;  Cy  4-  AgCy  =  Platousam  cyana  cum  argenta  cyana. 

51  .  ZH^rt;  Cy-j-ZnCy   -  I'latoanam  cyana  cnm  zinca  cyana. 

52  .  ZH"Pt;  Cv-f-CoCy  =  i^iatousani  cyana  (  inn  c«»V'altous  c\-ana. 
53].  ZH»Pt;Cy4-NiCjr  c  Platousam  cyaua  cum  niccoious  cyana. 

These  are  doable  cyanides,  which  difier  from  those  that  were  described 
at  Nos*  9]  to  xo]  only  by  oootaining  platousam  iii>trid  of  platous  atoms. 
They  are  procured  by  the  action  of  platinocyanide  of  potassium.  No.  loj, 
upon  ammoniacal  solatioDS  of  salts  of  the  respective  metals, 

54].  ZIPPt,Cy,S*  «ss  PlatoQsara  cyana  salphene. 

Buckton  calls  this  s;ilt  the  Platinn  y»isul])hocvanid(.'  of  diplatosammonium 
=  PtH'NVPt2(CyS*),  It  is  similar  in  constitution  to  the  salt  No.  i  3], 
e\r<  ptiiig  that  it  contains  platousam  instead  of  the  platous  atom;  but 
Buckton  doubles  the  constituents  to  make  the  salt  agree  with  his  double 
sulphocyanides,  Kos.  14]  and  15].  The  unsupported  notion  Uiat  half  tlie 
platinum  is  combined  with  the  imaginary  sulpho-c}'anogen,  and  the 
other  half  witli  the  ammoiiia«  does  not  warrant  the  doubling  of  the 
formule. 

55].  ZH^;  ZUTt;  8*0*  =  Ammooa  platousam  solphenite. 

This  sulphite,  and  the  four  oompoonds  represented  by  Nos.  j6]  to  59], 
are  produced  by  the  action  of  sulphite  of  ammonia  on  the  difierent  modU- 
fications  of  platousam  chlora.  No.  34].  The  compounds  Nos.  56]  and 
57]  are  produced  either  by  the  red  or  the  green  salt ;  those  represented 
by  Nos.  58]  and  59]  are  produced  by  the  yellow  salt.  The  comparison 
of  these  producte  ^vith  the  various  doubtful  formulnp  attrlbutaltle  to  the 
salt  34]  (sec  page  3 19),  has  not  enabled  me  to  clear  away  the  difficulties 
which  rest  on  this  point* 

60].  ZH^;GI  +  ZHH>]e;Gl  «  Platoosam  chloro  cum  copricam 

cfalora. 

This  salt  is  a  double  chloride  of  platousam  and  cupricam  ;  that  is  to  say, 
it  contains  chlorides  of  two  vice-ammoniums,  each  of  which  contains  one 
mrtailic  atom  in  place  of  one  atom  of  hydrocron.  Tlio  salts  Nos.  61]  to 
63]  are  of  similar  constitution.  Buckton,  wiio  discovered  these  salts, 
describes  them  as  compounds  of  chloride  of  diplatosammonium,  No.  35], 
with  chlorides  of  the  respectiTe  metals.  Thus,  No.  60]  is  chloride  of 
diplatosammonium  combined  with  chloride  of  copper  e  PtH*N*CSI,0aCSl9 
BucMon^  See  his  Memoir,  Quarterh/  Jomud  ^  tht  Chemtod  Sodefy^ 
V,  313.  It  Is  much  more  probal  >le  tluit  they  are  double  chlorides  of 
ammonams,  in  agreement  with  ibrmulft  60  to  63]. 

64].  ZH,CH»,CH',Pt ;  CI  +  ZH'H  =  Platous-mothylem  chlom 

cum  annda  Jiydra. 
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This  s^t  diffisrs  from  No.  ^^l,  only  by  having  two  atoms  of  methyl  in 
the  vioe^unmon  insU  ad  of  U\  Hofmann's  name  and  formula  for  this 
salt  are,  Mothylo))ipl;itoj5ammoniamchlorid  =  C*PtH'"X*Cl.  Grimm 
calls  it  MetiiyIiinmi<jn-ML'thyl-PiatammoniunichlorLir,  lC*H'l  j^" 
and  he  giv*^s  it  this  magnificent  formula,  which  is  [H'*  | 
recommorukU  by  a  high  degree'  ot  improbability.  The  [  C*H*  f  NCL 
existence  of  an  anmionlum  within  an  ammonium  is  an  <  Pt 
aadUiiiption  to  wliich  I  can  in  no  at->e  <igree,  {  H 

65].  ZH,CH»,(?H»J»t;a  +  ZffH  =  PlatonsK^thykm  chlom 

cum  amida  hydra. 

Similar  to  Na  54]*  excepting  diat  it  oontaina  (CfEP)*  instead  of  (CH*)*, 
Hofmann's  name:  ^thylobiplatoaammopimnchlorid  s  (?PtH^NKSi. 
Grimm's  name  and  fonmzla : 

iBthjIammon-^Siihyl-Fatammonimn  fCH*  Nd. 

66].  ZH,C*H?,CH',Pt;  a  +  ZH^  »  PJatons-phenylem  chlora 

cnm  amida  hydra. 

Similar  to  64]  and  65],  hni  Iiaving  two  atoms  of  plienvl  instead  of  H*. 
Grimm*s  name  is  Phenykmraou-Phenyl-Platammonium  clilorur,  wjtli  a 
five-line  fonnula  of  similar  architecture  to  the  two  that  I  have  cited  for 
Noe.  64]  and  65],  and  lial>le  to  the  same  objection. 

673.  ZHVCm',Pt ;  a  »  PJatoos-phenylam  chlonu 

Similar  in  constitution  to  platousam  chlora.  No.  34]^  excepting  tliat  H* 
is  replaced  by  ITli*.  A  salt  of  a  yiolet  ooknir.  Discovered  by  Raewsky ; 
said  by  him  to  correspond  to  the  green  salt  of  Magnus,  and  to  be 
capable,  like  that  salt^  Cff  assuming  a  variety  of  isomeric  conditions.  If 
that  is  the  case,  this  compound  may  hereafter  supply  infinrmation  which 
may  lead  to  the  accurate  discrimination  of  the  componnds  that  I  have 
described  in  the  note  to  Na  34]. 

68].  ZIP,GV;  CI  4-  PtO  a  Phenyhm  cMoracDm  platous  chloia. 

A  garnet-coloured  compound,  discovered  by  Raewsky.    Formula  = 
C"H^,PtCl.HCI,  a  form  which,  according  to  Hoimann,  is  not  yet 
represented  in  the  ammonia  series. 
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70. 


zH^rtc 


71].  ZHTtc 

72].  ZHTtc 

73].  ZH*Pte 

74].  ZHTtc 

75].  ZHTtc 

77].  ZHTtc 

783.  ZHTfcc 

80].  ZHTtc 

81].  ZHTtc 

8a].  ZHTtc 

83].  ZH^rtc 

f  ZHTtc 

f  zii  rtc 

861. 1  (ZHn^tc)^ ;  CO 
(  ZH* ;  PtcO 

**7J-|  ZH*;  PtcO 

J...  l(ZHTtc;NO»)M 
ZH*;  PtcO  r 

f  ZfPPtc;  NO" 

BQiUyAi'Ptc;  coy 

(  ZW ;  PtcO 
90].  ZH\CrH\Ptc;a 


CI 

01  4.  Ptcd 
a  +  ZHTtc;  Br 
a  +  ZHTte;  SO* 
Ca  H-  ZHTtc;  00" 
a  +  ZHTtc;  H0» 
a  +  (ZHTtc)TO* 

+  ZffPtc;  00^ 
HO  +  PtcHO 
SO*  PtcbO* 
N0»  +  PtcNO* 
]S  0*  -f  PtcHO  +  aq 


e  Platicam  chlora. 
s  Platicam  chlora  cum  platic 
chlonu 

B  Flaticuii  chlora  com  pb- 
ticam  hronuu 

8  Platicam  chlofa  cam  pla- 
ticam aolphete. 

8  Platicam  coloni  cum  pla- 
ticam carbete. 

S2  Platicam  chkia  com  pla- 
ticam nitrite. 

B  Platicam  chlora  cum  pla- 
ticamine  phosphotes. 

B  Platicam  nitrite  cum  pla- 
ticam carbete. 

s  Platicam  hydrate  cum  platic 
hydrate. 

s  i^iuticam  sulphete  com 
platic  STilphete. 

=  Platicaiii  iHUite  cum  platic 
nitrite. 

=  Platicam  niti-ito  cum  platic 
hydrate  aquate. 
Platicam  carbete  cum  platic 

hydrate  demi-aquate 
Platiaim  chlom  bis  platicam 
s      nitrite  cum  ammoua  pla- 
ticate. 

Platicam  chloni  cum  j»Ia- 
=     ticanien    carbite  cuiu 
ammona  platicate. 

Platicam  nitrite  cum  am- 

muua  platicate. 
Tris  platicam  nitrite  cam 

amniuJia  j>laLcite, 

Platiauu  iiiu  ito  bis  platicam 
ts     carbete  cum  ammona  pla- 
ticate. 

=  Platic-phcnylam  chlora. 
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91].   ZIP,CfH»,(?IP;  a  +  aPteCI   =  Phenylic  -  ethylam  chlora 

bis  platic  chloru. 

9a].    ZU,CH%C*H%C^';Cl+aPtcCiss  PhenyUc-ethylonchloiabis 

platic  chlora. 

93j,   Z(C»H%Cm»;  CI  4-  aPfcca    «  Phenylic-othyllm  chknabis 

]>l;itic  chlora, 

94].   ZH«,CH»,CH*;a4- aPtca    =  iWlic-nuthylam  chlora 

bis  platic  chlora. 

95].  ZCH»,C*H*,C*H",e'H*;Gl  +  2PtcCl  =  Zot-methyk-etiiyl.wui.yla- 

phenyla  chloru  bis  platic 

cblonL 

96].   Z,{CW)\C\  +  tPtea  s  Hethjrlom  chlora  bis  platie  cUoia. 
97}    Z(C"H*)*,C1  -h  2Ptca  m  Etbflom  chlora  bis  platic  chlora. 
98J.    Z(cn^")^Cl-f-  2PtcCl   «  Amylom  chlora  bis  platic  chlora. 
n  JZC'ir,C«H*;  N0*1        ^  Ethylic-phenvlac  nitret^  cum 
(       H,Ptc' ;  CI"   J  hydra  plateiiic  chlorine. 

100].    ZlP,C*H',0«H*;  CI  +  aPtcCl    =:  Phenylic -acpty lam  chJora 

bi^  platic  chlora. 

Usual  Kaki:B  and  FormcL/E  of  th£  Salts  of  Platicam. 

70].  ZH*Fte;  a  s  Flaticam chlora. 

This  salt  is  prrxluccd  bv  the  action  of  sosquichlorido  of  iron  =  FecCl,  on 
the  salt  No.  35]  =  ZHTt:  CI  -f  ZH*H.  the  note  dosrriptivp  of 

No.  3  j].  It  itt  also  produced  by  the  actioo  of  chlorine  gas  ou  the  some 
salt: 

ZU'Pt;  CI  +  ZIPH  +  a  »  ZHTtc;  CI  +  ZUTtc;  U. 

There  are  many  other  methods  of  obtaining  it.  It  is  produced  when- 
ever basic  power  Is  removed  from  a  salt  of  platoasam  and  chloric 
power  applied  instead.  Pt^  then  beoomea  Pttr.  Also  prodnoed  by 
boiling  Ko.  7 1 J  with  ammonia,  and  hf  acting  on  No.  75]  with  strong 
hydrochloric  add. 

Synomjrrm. — ^Ammonio-bichloride  of  tltininT  =  2NIP,PtCl*,  ^wsKn. 
Bihydrochlorate  of  diplatinamine  =  N'H*p^'»2HCl,  Gerhardt,  Ammon- 
chlorplatammoniumchloror  =  (U^N,PtCltU')NCl,  or  else 

jPtO  I  ^  I  NCI,  Grimm. 


Miller  rjuoU^s  a  hydroohlorate  of  diplatinamine  with  the  formula 
PtH^N'J  '1.  I  am  find  no  account  of  such  a  salt.  Millr-r  also  quoU^  the 
faydrochiorate  of  Groses  base,  with  tlie  formula  TtClH^'Cl.  This 
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agTQos  with  No.  70].  Gros's  base  he  gives  as  PtClH*N*0,  not  isolaled. 
The  nitiate  oi  Gros's  base  is  No.  75]. 

71].  ZffPte;  CI  +  PtcG  =  Platlcam  cMora  com  platic  chlora. 

This  salt  is  produced  by  the  action  of  clilorine  on  Magnus's  green  salt. 
No.  34]  =  ZH'Pt ;  CI.    The  chloric  power  converts  Pt'  into  Ptc*,  and 


+  (ZH»Ptc;  CI  +  PtcGi).    He  calls  it  ciiioroplatinate  of  diplatoe- 


ibnnula  s  Amnum^sfalorplatanimoiiiamdilor^^  «  (H^, 

PtCl,H')NCI  4-  Pta*  AmmoQio-bichloride  of  platinmn  «  NH*,PtCi*f 
Gmdin,  Bi-hydrocfaloiate  of  platinamme  =  KHpf^,2HG,  Gerhardt, 
Millei^s  name  and  fonnula  are  BihydrocUorate  of  platinamine  (Ger- 
]ianlt*8  base)  «  PtHV«GP. 

Gerbaidt  makes  a  distiiictioii  between  the  products  of  the  actkn  of 
chlorme  gas  upon  solutions  of  the  yellow  and  the  green  variety  of 
platousam  chlora,  No.  34]  ;  and  hence  the  different  names  and  foimuke 
which  I  have  ascribed  to  him.  The  analytical  results  of  the  different 
products  are  the  same ;  excepting  that  one  salt  is  anhydrous,  and  the 
other,  when  dried  at  1 20**  C,  retains  about  two  per  cent,  of  water.  In 
other  rosjiects  the  evidence  of  differences  in  these  prothicts  is  not  suf- 
ficiently clear  t  1  remove  any  of  the  difficulties  that  have  been  described 
in  the  note  appended  to  No.  34]* 

72].  ZIPPto;a-|-ZH7to;Br  s:  Flatkam  chlora  com 

platifani  broma. 

Producc^l  by  adduiL,^  i>ioniine  to  the  saltKo.  35]  =  ZTPPt;  CI  -f  ZH*H. 
In  this  ease  Pt'  becuiaes  Ptc*,  l>romine  is  assumed,  and  tlms  the  salt  72] 
is  formed.  It  has  an  omnge-ydlow  colour,  and  its  solution  gives  with 
silver-solution  a  precipitate  containing  AgCl  and  AgBr. 

The  production  of  this  salt  afibrds  clear  evidence  in  support  of  the 
opinion  which  I  have  expressed,  that  in  the  presence  of  uu  excess  of 
chloric,  bromic,  or  iodic  power,  the  platous  atom  becomes  converted  into 
platic  atoma. 

Synonymetf^  AmmonkMihloiobiomide  of  platinmn  »  2NH*,PtC3Br, 
6Wb'ii.    Ammon  -  Bromplatammomtimchlorilr  s  Pt(Cl,Br)N*IP  m 


(H*N,PtBr.H^NCI,  Griam. 

73j.  ZHTtc;  CI  H-  ZHTtc;  iSO"  =  Platicnm  rhlom  cum 


amine. 


platicam  sulphete. 
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Pnv]n«"  Hl  wlu  n  the  salt  No.  70]  is  dissolved  in  strong  sulphuric  add  and 
heated  to  drive  off  cauriatic  add : 

a(ZH*Ptc;Cl)  +  HSO^  «  ZHTte;  CI +  ZH'Pte;  SO^  +  Ha 

It  is  also  produced  when  the  Siilt  No.  75]  is  heated  with  sulphuric  acid, 
in  which  aise  nitric  acid  is  driven  off. 

S'/twnymes.  Amnionio-sulj)hatij  of  oxychloride  of  platinmii  =  2NH*, 
PtCICSC,  Gmelin.  Bichlorhydro-sulphate  of  diplatinamine  =  N*H*i)t^, 
j30*H«  4-  N'H^pt'.aClH,  G^hardt.  Groses  sulphate.  Sulphate  of 
AimnoD-dilorplatBmmommnoxyd  =  (H%PtCl,H')NO.SO^,  Qriam. 

74J.  ZH*Ptc;  a  +  ZHTtc;  CO'  «  Platicam  chlora  cum 

platicam  carbete. 

Produced  by  adding  oialic  add  to  the  solntion  of  the  salts  Nos.  73]  or 
75],  (riw. 

Synonymes,  AmmonioKiloropIatinous  oxalat  e  Ammonio-oxalate  of 
oxydiloride  of  platinmn  »  +  ^(PtCl)^/,  QmOm.  Bidtlor- 

hydro-oxalate  of  diplatinamine  =s  >2N*H*pt*,  fe-Aa^Y/^.  Oxalate 

of  AnunonHadorpbtaQimoDiDinoxyd  »  (H%PtG14P)N0.C*0^,  Grimm. 

75].  ZffPtc ;  a  4- ZHTtc ;  N<y  =  Platicam  cfaloia  cun 

platicam  nitrite. 

Produced  by  the  action  of  nitric  add  on  the  salt  No.  34] — Magnus's 
green  salt — thus : 


ZH*Pt;a   )       f  ZH*Ptc;  Cl  +  ZIPPto;N<y 
ZIPPt;  CI    \  =  IVuMfthBfilaHnwnihrmm^^ 
H;  NO* )       i  Ha  9Btfm,  Qroe. 


Synonymes,  Ammonio-nitrate  of  oxychloride  of  [)latinum  =  2NH*, 
PtC10,NO*,  Gmelin,  Bicblorohydro-nitrate  of  diplatinamine  =»  N*H*pt*, 
KHO^jCiH,  Gerhardt.  Nitrate  of  Ammon-chlorplatammoniunioxvd 
=  (H*N,PtCl,H'')NO.NO»,  Grimm,  Nitrate  of  Gross  base  =  PtClH'N^O, 
N(y,  and  also  (PtCl,2lPN,0)N0»,  Miller. 

Gerhardt,"  says  Professor  Miller  {Elements  of  Chemistry^  part  ii., 
io65),  views  the  salts  of  Gros  as  biadd  salts  of  diplatinamine,  in  some 
of  which  two  adds  are  present.  A  serious  objection  to  this  supposition^ 
however,  is  afforded  hj  the  /act  that  Gios's  hjdrochlorate  abandons  only 
half  its  chlorine  when  mixed  with  the  solution  of  nitraf  e  of  silver*  It 
ought  to  give  up  the  whole  were  Gerhardt's  theory  oorrect" 

Professor  Mil]er*8  difficulty  does  not  exist  in  the  tints,  but  in  the 
enoneous  theory  which  guides  his  reasoniDg.  If  I  were  to  ask  him  to 
expbun  why  nitrate  of  silver,  acting  upon  the  salt  No.  70],  ought  to 
throw  down  (dl  the  chlorine  ?  the  reply  would,  no  doubt,  be,  that  it  is, 
or  nUfaer  ahould  be^  simply  a  case  of  double  deoompositioii.   ZUTtc ; 
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a  +  AgNO*  =  AgO  4-  ZTPPtr  ;  N0».  That  reaction  does  not  inde^ 
t;iko  ])lace,  but  tlu'  caiu>e  of  the  diiiereut  reacUoii  that  really  takes  place 
is  obvious.    Tims : 

Zimc;Cl    )         {ZUTtc;C\  \^ 
ZH*Ptc;  CI    V  =  I  ZlFPtc;  KO*  J  ^  73* 
Ag;NO»j       [  Ag;a 

This  reaetioD  is  precisely  analogous  to  ihat  which  takes  place  in  the  pre- 
paratioa  of  Ko.  7  5]*  by  adding  nitric  add  to  Na  34],  and  to  thai  which 
oocors  in  the  preparation  of  No.  7  j].  When  the  doable  salt  Na  75]  is 
producedi  it  resists  decompositton  by  nitric  add,  by  nitmte  of  silver,  and 
even  by  sulphuric  add.   That  is  the  solution  of  the  problem. 

77].  ZH^Ftc;  a  4.  (ZHTtc)TO*  =  Platicam  chlora  cum 

plaiicciiiiiiio  phucjpho^ 

Synonymes.  Sesqiiicblorhvdro-phosphate  of  diplafcinamine  =  N'H^pt^, 
PO'H'  +  N«H*pt«,ClH,  Gerhardt,  Phosphate  of  Ammon-ChloiplatBiii- 
moniumoxyd  ami  Anunon-OzyplatammoDiamoxyd 


+  PO*  +  HO,  Qrmm. 


Phospiiat«  of  Raewsky's  l>uso  =  Pt«ClH"N*0*,PO»,HO,  MUkr, 

78].  ZBPPtc;  N0»4.  ZH»Ptej  C0»  «=  Platicam  nitrite  cum 

platicam  carbete. 

A  combination  of  nitrate  of  platicam  with  oxalate  of  platicam. 

Synonymes,  BhiitroKoalate  of  diplathiamine  s  N'H^pt^CTH^  + 

( C*H[NHpt"(NHO  ]0" )  Bioxalato  of  diplatinammwiium 
«^  KHOn  Nitric  acid 

(   N[NHpt'(NH*)jO''J  jSitrate  of  diplatinammonium 
=  aC'CaNO^.aPtO^^NH*. 

All  these  £>rmake  are  givcai  by  Gerhaidt.  They  are  striking  exampkB 
of  the  exercise  d  the  ingenious  art  of  giving  apparent  complexity  to 
things  which  are  naturaUy  simple. 

80].  ZHl'tc ;  110  4-  PtcHO  =  Platicam  hydrate  cum  platic 

hvdrate. 

Produced  by  adding  an  excnss  of  ammonia  to  a  boiling  solution  of 
nitrate  of  platinaminc  No.  83].  Small  brilliant  vellow  crystals.  Caustic 
potash  does  not  dissolve  it,  nor  expel  ammonia  from  it  (l>ecaiLso  caiistic 
potash  and  this  compound  are  l)otli  hydroted  basic  radicals  of  the  fiame 
order).    It  readily  dissolves  in  acids. 
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Sifwmymes,  Platmamine  &  NHpt*  -f  2A<j,  Gerhardt.  Ox3rpktun- 
inoniiimoxydhvclnite  »  (PtO,H')KO.HO  +  UO,  Kolbe,  Platmomme 
=  NH>,PtO*  +  2Aq,  Gmdin.   Miller  ascribes  to  Platanamine  (Ger- 

IwrJt's  biLse)  the  formula  PtH'N,0*,  which  in  my  Dotation  would  be 
either  ZH*PtO,  or  ZH*Ptc,PtcO;  but  no  such  compound  appears  to 
have  been  produr  <  d.  Gerhardt's  Platinaniine  requires  the  formula  that 
is  given  to  No.  80]. 

61].  ZIFPto;  SO*  +  PtcSO^  «=  Platicam  sulphete  cum  platic 

solphete. 

Produced  hy  dissolving  pJatinamine,  No.  8oj  in  sulphuric  add.  Yellow 

powder;  acid;  soluble. 

Si/nonymcF.  Sulphate  of  pkitinamino  =  NH  ',PtO*,2S0*,  GimUju  Bi- 
stdpbate  of  pktinaiBiiie  ~  NHpt^ybO^H^  6Wiard^. 

83].  ZHTtc;  NO*  +  PtcNO*  ^  Platicam  nitrite  cum  platic 

nitrite. 

Produced  by  mixing  nitric  acid  with  No.  Sjj,  aiid  evaporating.  A 
yellow  powder. 

Binitrate  of  platinaraine  «  NH',Pt0^2^'0*,  Gmelin,    Binitrate  of 
platinamine  =  NHpt*,2HK0*,  Gerhard,    Binitrate  of  plattnamine  » 
PtH»N,0«,2NC,  MUUr. 

83].  ZHTtc;  NO*  -f  PtcHO  -f  HHO  (dried  at  I20°C)  =  Platicam 
nitrite  cum  platic  hydrate  aquate. 

Pfodoced  by  boiling  the  chloride  No.  ?i]  with  nitrate  of  ailver,  untU  the 
chlorine  la  wholly  abstracted  by  the  silver. 

Stfnonymes.  Neutral  nitrate  of  platinamine  =  NHptf ,NHO*  +  ^  aq, 

Gerhardt.  Ammonio-nitrate  of  platinic  oxide  =  NH'^PtO'^NO*  4-  3  aq, 
Gmelin.  Nitrate  of  Oxyplatammoniuraoxyd  =  (PtO,H'')NO.NO*4-3HO, 
Grimm.    Neutral  nitmte  of  platinamine  =  PtfifNiO^^O^  3HO,  MiUer. 

U  -|  JZIPPtc;  CO*l   ,   1  Platicam  carbete  cum  platic 

''^J-  "I  Ptc      ;  HO  J      ^  ^  "      hydi  Mo  demi-aquate. 

Produccxi  by  adding  oxalate  of  ammonia  to  No.  83].  Yellow  cr}'stals 
which  explode  when  heate<I.  This  is  Gerhardt's  neutral  oxalate  of  pla- 
tinamine ^  C^'0\2NUpt*  +  3Aq. 

IQuery — Does  Platiccem  occur  as  a  radical  a^ono  thk  flatukum 

SALTS  ? 

FlATICCKM  is  the  vice-ammon  =  ZH*Ptc*,  produced  by  replacing  IP 
in  ammonium  by  tw  I  latic  at<nn>.  The  five  salts  Noe.  80]  to  84J can 
be  oomreniently  formulated  with  such  a  radical.    Thus : 

Nob  80  s  ZH"Ptc^;  HO  +  Aq,      Platiccem  hydrate  aquate. 
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6l  =  ZH*Ptc^  80*4-  HSO*.    riaticccm  sulphete  cum 

hjdn  SDl[»het& 

8a  =  ZH*PtcP;  N0*+  HNO^.  Plattccem  nitrite  cum 

hydra  nitrite. 

83  e  ZH*Ptc*;  N0^+  Aq".     Flaticcem  nitrite  aqnefee* 

84  s  ZH*FtcP;  CO*  -I-     Aq.  Flaticcem  carbete  aesquiaqnate* 

Thise  are  tlie  pnnc.ijmi  salts  oftlH-  sonV^  to  which  Gcrlinrdt  ascribes  his 
**  ])latinamiiu',"  which  may  hcivaiLer  1  >  ]  inved  to  be /^/o^iccm,  although 
our  present  lutonnation  is  not  conclusive  on  that  point.] 

!ZH*Ptc;  01  )  Platicam  chbia  bis  platicam 
(ZH*Ptc;  NO^)'  >  a  nitrite  com  ammona  p]ft> 
ZH*  ;  FtcO        J  ticate. 

ProilucrHi  by  the  action  of  concentrated  nitric  acid  on  Magnus's  gn-en 
salt,  No.  34],  Rmimhj,  whose  formula  is  4NH*,Pt"C10*,2NO'.  Pro- 
duced by  the  action  of  miiciie  of  silver  ujx>n  the  salt  No.  no].  Brilhant 
yellow  small  iiaid  rhombic  crystals,  which  explode  when  heated. 

The  property  of  exploding  when  heated  is  apparently  concurrent  with 
the  presence  of  the  oomponnd  ZH*;  FtoO*  The  salta  which,  in  com- 
bination with  ZH^;  PtcO,  compose  the  compounds  Koa.  85  to  89,  that 
ia  to  say,  the  chloride,  nitrate,  carbonate,  and  oxalate  of  platicam,  do 
not  seem  to  be  explosive  either  when  iaolated  or  when  combined  in 
pairs,  provided  the  salt  ZH^;  PtcO  ia  absent  But  when  this  aalt 
forms  part  of  a  compound,  the  compound  is  explosive.  It  is  on  account 
of  thi-^  [X'culiarity  that  I  prefer  the  formula  ZH*;  PtcO  to  the  formula 
ZTPPtc;  HO,  which  would  make  the  several  salts  appear  as  Uisic  salts. 
But  the  fornuihe  of  these  siilts,  as  given  })v  ditiercnt  chemists,  are  bv  no 
means  concurrent  even  as  regai*ds  the  ultimate  constituents  of  the  salts, 
and  while  uncertainty  prevails  on  that  score,  no  satisfactory  analytical 
formula?  can  hit  written. 

Symnymes,  Ammouio-binitrate  of  oxychloride  of  platinum,  Gntelm, 
S^uichlorhydronitrate  of  diplatinamine  «  N«H*pt^,2NH0*  +  ira*pt«, 
Oerhardt,  Double  Nitrate  of  Ammon-Clilorplatammoninmozyd 
and  Ammon  -  Oxyplatammoninmoxyd  ^  (H^N,Pta,H')NO.NO*  + 
(H«N,PtO,IP)KO.NO'  +  HO,  Grimm.  Binitrate  of  Haewsky*8  base 
«  PifClH'«NH)»,aNO',  Jfflfer. 

f  ZH'l^tc  ;  CI      ]       Platicam  chlom  cum  platic- 
86].  \  (ZH'Ptc)*;  CO*  >  =    amen  carbite  cum  ammona 
[  ZH* ;  PtcO      J  platicate. 

Syrmymes, — ^Raewaky'a  ammonio-carbonate  of  oxychloride  of  pla> 
timim  s  4NlI',Fl^QO',3CO*,  Gtndin.  8esqttichlorhTdro<wbonate  of 
diplatinamine  «  N^V.COW  +  N*HV«,C1H  +  Aq,  Gef^m^.  Car- 
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bonate  of  ammon-chlorplatammoniumoxyd  and  of  ammoihoxyplatamxno- 
niumoxjd  «  (H*N,PtCm*)NO.<Xy  +  (H*N,PtO,H«)NO.CX)*  +  HO, 

Q.-i  jZIPPtc;  NO")      Plattcam  nitrite  com  tmmom 
^7 J-  \ZB*;  PteO    f  *  plattcate. 

Synoni/tJU's. — Ammonio-Tiitrate  of  platinic-oxide  =  2NH*,PtO*,NO* 
+Aq,  Gmelin,  Neutral  nitrate  of  diplatinamine  =  NH^pt^jNHC-l- Aq, 
Gerhardt.  Neutral  nitrate  of  ammoD-oxvplatamraoniumoxvd  =  {H*N, 
PtO,H*)NO.NO*  +  HO,  Grimm.  Neutral  uitrate  of  diplatiDamme 
«  PtH«N*0*,NO*,HO,  Miikr. 

f.^.  J(ZH*Ptc;NCPyi      Tris  platicam  nitrite  cum 
\  ZH* ;  PtcO     f         ammona  piaticate. 

Si/noni/mes, — Ammouio-sesqninitrate  of  platinic  oxide  —  4NH*,2PtO', 
3N(>*  -f-  Aq,  Gmlin.  Sosquinitrate  of  diplatinaniino  =  2N*H*pt% 
3NH(3^  4-  Aq,  Geriiardt,  Neutral  nitrate  of  an i nioii-oxy platamnioi li um - 
oxvd  =  (H*N,PtO,H«)NO.NO»  4-  HO,  Grimm,  Sesquinitrate  of  di- 
piatinamine  =  2(PtH'N^'),3NO*,HO,  ifOfer. 

{ZH*Ptc;  KG*  }      Pbticam  nilrite  bis  platicam 
(ZH*Pte;  0O')7  «     carbete  com  ammona  plap 
ZH«;  PtcO     J  ticate. 

Sytm^mea. — Sesqninitco-ozalate  of  diplatinamine 

'  C*H[^  Hpt%NH*)]0^|    Bioxalat^  of  diplatinammonium 

>^  [  N  Hpt*(NH*)]0''J    Nitrate  of  diplatinammonium 

=  j(W,NO*,2PfcO»,4Nff,HO,  QerJiardt.  Compare  this  formula  with 
tiiat  quoted  in  the  note  to  Ko.  78].  Grimm  calls  this  compound 
Oialate  of  ammon-os^Iatammoniumosyd  with  nitric  acid 

=  2  ^toj  XO.C*0^  ^  +  HO. NO*. 

Grimm  qatates  the  following  as  Gerhaidt*s  fonnule : — 

fCHW  .  N'HYtM  , 
INHO"  .  N^irpt*/  + 

90].  ZH*,CW,Ptc ;  d  =  Phtic-phenylam  chlorn. 

A  rose-red  salt,  discovcre<A  by  Raewsla*.  Formula  quotetl  In*  Hofmann : 
2(C^H^),FtCl^    This  salt  is  said  to  be  produced  by  acting  upon 
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No.  67J  with  hydrochlorir  acid  ;  but  other  compoiintb  must  l^o  fori-ncti 
simultaneously,  because  this  statement  leaves  H  4-  Ptc  unaccounted  for. 

91].  ZH«,C*H*,CfH* ;  a  +  2PtcCl  =  Phenylio^jlam  chlora 

bis  platic  chlom. 

iH®  1 
Q^y^i?  N.HCl  -4-  PtCl*, 

Hofinann.  Chlorplattn<«alz8aaKS  TinanUm  »  C**NH",Ha  +  PtCP, 
GmeUn, 

93].  ZH,C*H*,C«HSra»;a  +  2PtcCl  =  Phcnvlic-ctbykm  clilora 

bis  |jiatic  chlora. 

Synm^ftnu.  BiethjIaiiiUiie-plaliiichloridc  =  C^'N.Ha.Pta*,  Hof- 
maim.  Oiloiplatin-salzaaaies  bivmanilin  =  Gmdm. 

95].  Z(C?Hy,C«H» ;  CI  +  aPtca  =  Phenylic-etbyhm  chkxa  bis 

platic  chlora. 

Si/nonyme^,  Chlorplatin-salzsanres  trivinanilin  =  C**NH"^IC1  -f-  PtCl* 
(equal  to  Hofmann's  C'W(OH*)»NCl,PtCl*),  Gmehn, 

94].  ZFPfiH*,CW;  a  4.  2Ptca  s  Phenylic-methylam  chlora  bb 

platic  chlonu 

Synonymes,  Methylamlme-platinchloride  =  C^%H«,ra')K,HCl  + 
PtClS  Ho/mam. 

95].  ZCH»,CW,C*H",(?H» ;  a  4-  aPtcQ  =  Zot-mediyla-ethylft- 

amyla-phenyla  chlora  bis  platic  chlora. 

Synonym^  The  platinum-salt  of  methyiethylamylphenylammoiiiam 

C*H»  I 

=  CTElWaPtCP  «  \  ^oh!i  >  NCl,PteJP,  Hi^mam. 

C'*H»  I 

96].  Z(CH*)*,C1  +  aPtcCl  =  Methylom  chlora  bis  platic  chlora. 

iS^nofiyffitf.  The  hydiochloiate  of  tetramethylammoiiiiim  oombined 
with  bichloride  of  platinum 

IC«IP  I 
I  NCl,PtaS  HofmoMu 
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97].  Z(CfiPy ;  01  +  aPteCl  =  Etfaylom  diUm  Ins  plattc  chloia. 

^mnym6»  The  platmum-^alt  of  tetrethykmmonium 

/  C*H*  j 

[  eH») 

98].  Z(C^H"y ;  a  +  2PteCl  =  Amylom  cblora  bis  platic  chbnu 

SifnonyiM.  The  platinum -bait  of  tetmmylammonium 

»  c*H^Na,Ptca« « 

I  ZCff       ;  NO»l      Ethylic-phenylac  nitrete  cam 
\     H,  Ptc";  Cl»  (        hydra  platenic  chlorine. 

SynonyvvB,  Kthylnitranilin-platmcfaloride 

leH»J 

Dr.  Hofniann's  nitnmiline  "  theoiy  isdiscossed  at  page  288.  The  pos* 
nihility  of  the  existence  of  such  an  ammonium  as  is  heie  represented,  is 
inadmissible : 


I  NO*  1  N,H. 


100].  ZE%C*U%CrH';  01  +  aPtcQ  =  PhenyUc4Uielylam  chlora  bis 

platic  chloia. 

Synonym.  Chloroplatinate  of  phenyl  -  acetoaamipe  «  0^\0**H*) 
N,H01J^,  Qtrhardt. 


z 
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The  Urea  Theory. 

Non-Perhanent  Otakats  or  Ammonia.— When  the  vapour  of 
hydnted  cyanic  add  (»  H,€^)  is  passed  into  dry  ammonia  gas 
( ss  ZIP3)f  ^  obtain  a  white  volnminous  crystalline  powder,  which 
chemists  in  general  agree  in  calling  Cyanatr  of  Ammonia,  and  the 
composition  of  which  is  stated  to  be  H*NO,C»NO  (  =  ZH*,CyO).  This 
powder  is  very  soluble  in  water,  and  its  cold  «olution,  wlien  fireshiy 
prepared,  has  the  following  properties 

1.  It  disengages  ammonia  on  tho  addition  of  a  cold  solution  of  caustic 
potash:  ZH*CvO  -f  IvHO  =  ZH^H  +  KCyO  +  HHO. 

2.  When  treated  with  adds,  it  gives  off  cyanic  acid  (a)  and  carl>onic 
acid  (&}• 

(a).  ZH\CNO  +  H,SO«    =  ZH^.SO"  -f  H,C^'0. 
hi  ZH\CNO  +  H,HO  1  J2(ZH*.S0*) 
H,SO'  +  H,SCyj  t 

The  first  reaction  is  simply  a  case  of  double  decomposition  between 
the  cyanate  of  ammonia  and  the  hydrated  sulphuric  acid.  The  s^'vond 
rtsiction  is  owing  to  the  circunistanrp,  that  livdrated  cyanic  acid  is 
readily  decomposable  by  water  into  caibonic  add  and  ammonia : 

H,CNO  +  H,HO  «  ZH'.H  +  W, 

This  transformation  is  accelerated  when  a  strong  acid  is  present,  which 
can  take  up  the  anunonia  and  expel  the  carbonic  add  as  gas ; 

ZH»,H  -f  HSO^  »  ZH*  SO*. 

In  equation         these  two  reactions  are  represented  as  occurring 

simultaneously. 

Perma:sent  Cyaxatk  of  Ammonia. — When  the  solution  of  cyanau* 
of  ammonia  has  been  prepared  two  or  three  days ;  or  wLeu,  soon  aller 
being  prepared,  it  is  either  boiled  or  gently  evaporated  to  the  crystal- 
lising  point ;  or  when  the  white  powder,  described  above,  is  exposed  ibr 
some  days  to  the  air,  or  is  slightly  ibsed,  before  being  brought  into 
solution ;  then  the  resolting  solution  is  ibond  to  contain  a  sabstanoe 
which  is  possessed  of  other  properties  than  those  above  described,  and 
this  substance  has  received  from  chemists  the  name  of  Urka  with  the 
clump  formula  C*H*NK)*  (  =  CH*N«0)  and  sometime  that  of  Carbamidb, 
first  with  the  ibrmola  NH*  +  00,  and  latterly  with  the  formula 

H«VN»  (  s  ZEP.ZH«,CO). 
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Berzclius  roprosontecl  it  as  a  conjugated  ammonia  compouiid,  having  the 
formula  NH*,C*HNO*,  to  which  hognve  the  name  of  nrenoxydHUnmoiiia ; 
but  this  notion  has  not  been  adopted  by  otlier  rliomist^. 

Urea  Theory. — IV^tore  I  enter  npon  the  examination  of  tiio  proyxi'r- 
tics  tliat  art'  said  to  distinguish  Ure;i  from  the  non-pennanent  C'yanate 
of  Aninujnia,  I  may  state  that  I  cx)nsi(ler  the  conijxjsition  of  tiie  two 
subsUuices  to  bear  to  one  another  the  same  relation  as  liiat  which  is 
borne  by  the  gaseous  salts  of  ammonia  to  the  soUd  salts  of  ammonium. 
See  page  107.  The  nen-pemianeiit  cyanate  of  ammooia,  wbidi  is  pro- 
duced bj  toe  actioD  of  bydratod  ^anic  add  upon  gaseous  ammonja, 
is  a  doable  salt,  oonstitated  in  aooordaoce  witb  the  formula  ZIP» 
H  4*  H,0yO,  wbile  the  pennaoent  aalt,  into  which  it  so  soon  changes, 
is  tlie  true  cyanate  of  ammonian],  oonslitnted  according  to  the  formnla 
ZH\CyO.  Tiie  names  of  the  two  sabstanoes  should  be,  in  agree- 
ment with  this  idea^  as  follow : 

ZH*,H  +  H,CyO  »  Amida  hydra  cum  bjdra  cyanate. 
ZH^,CyO  B  Ammona  cyanate. 

The  snpjKvsition  that  nr^  should  be  esteemed  to  be  carbamide 
—  ZH",ZH*,CO,  is  not  well  sustained  by  fects,  as  1  kive  shown  in  the 
preceding  i>ages,  jiartacularly  in  the  arguments  respecting  the  Nitriles, 
page  217 ;  Carbamide,  page  %%\ ;  the  Imides,  page  222 ;  Anilo-aiea 
and  Qurbanilide,  page  298,  and  in  treating  of  various  other  compounds 
of  minor  importance. 

CsBHiCAL  RsAcnoHB  OF  Urea. — TOooeed  to  flhow  that  the  best- 
known  chemical  leacttous  of  Normal  Urea  (No.  i  in  the  table  of 
examples  at  page  349)*  and  the  Compound  Ureas  (Nob.  3  to  i8}« 
justify  the  theory  whicli  is  now  advanced. 

I.  "Neither  cyanic  acid  nor  ammonia  can  be  discovered  in  nrca,  l)Ut 
if  a  solution  containing  a  mixtiiro  of  nitrate  of  silver  and  mm  be  boiled 
for  some  time,  it  is  j^artlv  resolved  into  cyanate  of  silver  and  nitrate  of 
ammonia."  Miller  {FAeint^uts  of  Chmiistry^  iii.  609), 

Tliis  argument  and  illustratiun  aie  ill -adjusted  to  one  suiothcr.  The 
de<x>mposition,  when  completed,  is  as  follows : 

ZH*,CyO  -I-  Ag,NO^  =  ZB.'^O'  +  Ag,CyO. 

If  urea  is  converted  by  nitrate  of  silver  into  C!fa»at§  o{  sOver  and  nitrate 
of  nmmoma,  however  slowly  the  operation  piooeeds,  surely  there  is  a 
dlscoverv,"  both  of  cyanic  add  and  of  ammonia  in  that  salt,  for 

neither  of  these  compounds  are  contained  in  the  nitrate  of  silver. 
Besides,  we  are  told  by  Liebig  and  Wohler,  that  if  the  mixtiure  of  the 
two  snits  is  evaporated  to  dryness,  the  transformation  is  perfect. 
Heuce  the  opinion,  so  frequently  expressed  by  chemists,  that  "  n'^ither 
cyanic  acid  nor  ammonia  can  be  discovered  in  urea,''  is  unwarranted  by 
expei'imental  facts. 
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2.  A  cold  solution  of  urea  mixctl  with  a  cold  solution  ol  ctii5tic 
potash  does  not  hberate  ammonia.  This  is  the  exixjriment  which 
dii^tinLi;uishes  urea  from  the  non- permanent  cyanate  of  ammoma,  which, 
under  these  circiuBstimces,  gives  off  ammonia.  Hut  it  is  a  prodifjioTis 
jump  from  this  characteristic  (which  is  explained  ai  piige  3*^2 )  lo  tiie 
statement  that  **  ammonia  cannot  be  discovered  in  mea," 

3.  A  complete  decomposition  of  urea  occurs  when  it  is  fbsed  with 
hydrate  of  potash ;  the  products  being  carbonate  of  potash  and  gaseoos 
ammoma : 

ZH*,CNO)        fKK,CO»  =  Carbonate  of  potash. 
K,HOj       IzH«;h[  =  Ammonia. 

Here  the  potaasinm  carries  ofT  the  carbon  and  oxygen,  while  the  nitrogen 

produces  amids,  and  ultimately  ammonias,  with  the  hydrogen. 

4..  One  atom  of  permanent  cyanate  of  ammonia  (urea)  heated  in  a 
soalr-d  tu1)e,  with  two  atoms  of  water,  produces  one  atom  of  carbooatP 
of  ammouia; 

ZH*,CNO HHO,HHO  =  m\ZB* ;  OOF. 

At  pages  219  and  aao  I  have  fully  explained  the  theory  of  this 

reaction. 

3.  VV'hen  urea  is  fused,  it  gives  oii  ammonia  gas,  and  leaves  cyantuic 
acid « 

ZH^.CyO  =  ZH*,H  +  H,CylO. 

When  the  heat  is  increased,  the  cyannric  add  volatilises  as  q*anic  add 
If  this  meets  in  the  apparatus  widi  gaseoos  ammonia,  it  again  produces 
the  non-permanent  variety  of  cyanate  of  ammonia  =  ZHP,H  4-  H,OfO, 
in  the  form  of  a  white  powder.  This  is  often  referred  to  as  being  a 
sublimate  of  undecomposed  urea.  Of  course^  it  is  readily  reoonvertible 
into  urea  by  the  usual  processes. 

6.  Chlorine,  when  transmitted  into  an  aqueous  solution  of  uret, 
ref^(;lves  the  latter  into  carbonic  add  and  nitrogen,  whilst  hydiochlaiic 
acid  is  formed : 

ZH*,CNO  +  HHO  +  6a  =  00»+aN  +  6Ha 

In  this  case  the  nitrogen  is  set  free,  in  accordance  with  the  observation 
that  vms  made  at  i)age  219,  that  ammoniums  are  onlv  produced  when 
there  are  present,  not  only  sufficient  basic  radicals  to  coTistitrLte  die  am- 
monium, but  also  ne^tive  radicals  with  which  the  ainmoniunis  rjm 
instantly  com  h  ue.  Tt  is  true  that  water  is  present  in  this  c-u-^*',  ;uid 
might  be  suppu.^od  aMe  to  snpjjiy  the  requisite  hydrogen,  but  there  is  no 
means  of  escape  jiiu  vuled  for  the  oxvcrcn. 

7.  According  to  Wuitz,  dry  ciiluiine  gas,  passed  tiirough  melted 
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urea,  forms  cyanuric  acid,  siU-ainmoniac,  hydrochloric  acid,  and  nitrogeo. 
Thia  deoompoaitioD  may  be  reprefieated  in  an  equation,  thus ; 

2(ZH*CyO)l  _  j2(H,CylO)  +  ZHHX 
3a  /  "  la(Ha     )  4-  N. 

6.  Urea  boiled  with  excess  of  oil  of  vitriol  is  completely  lesolved  into 
carbonic  acid  gas  and  anlphate  of  ammonia  (Dumas) : 

ZH*,CNO  )   _^  J2(ZHSS0*) 

2(H;S0*j -f  HHOj  ~  (  CO*. 

The  cyanate  of  potash  suffers  decomposition  in  a  similar  manner.  See 
R<)action  4,  page  220.  This  comparative  experiment  proves  that  the 
C  and  N  of  the  cyanates  can  he  separated  from  one  another  by  an  acid, 

under  production  of  carbonic  acid  ga^. 

9.  According  to  Millon,  ohp  atom  of  iiro<^  decomposed  by  two  atoms 
of  nitrous  acid,  produces  carbonic  acid,  nitrogen,  and  water : 

ZH*,CX01  (C0« 
H,NO«l  = 
H,NO»J  13HH0 

10.  According  to  Williamson,  when  oxamide  is  heated  with  oxide 
of  mercury,  the  products  are  mercury,  carbonic  acid,  and  urea: 

2(ZH*,C0)  +  HgcUgcO  =  HgcHgc  +  CO"  4-  ZHSCNO. 


■v 


11.  Qiamide,  passed  in  the  state  of  vapour  through  a  glass  tube 
heated  to  redness,  yicld^s,  among  other  products,  a  large  quantity  of 
urea: 

ZBP,00  +  ZH«,CO  «  ZH*.CNO  +  00. 

Oxivmide,  2  atoms.  Urea.     Carbonic  oxide. 

1 2.  When  carbonic  ether  is  heated  in  a  sealed  tube,  with  an  alcoholic 
solution  of  ammonia,  the  excess  of  ammonia  slowly  ocmverts  the  carbonic 
ether  into  alcohol  and  urea.  Natanson. 

Carbonic  ether  »  (fH»  CW ;  00»]  _ 

Ammonia  in         IZH*;  CB-ol  -  {mt^n^nv  I  au  Li 
alcoho]  { ZH* ;  CWOj       [(^'^^  ^)  = 

Summary  of  the  Evidence. — Thp  question  to  be  answered  is, 
ought  urea  to  l)e  considered  as  carbamide  =  ZH*,ZH',CO,  or  as  cvanate 
of  ammonia  =  ZH*,CNO  ?  It  is  ne«ilea<i  to  a.sk  if  it  conesjxjiids  to  the 
clump  Ibrniula  CH*2s*0,  because  tiiat  formula  ijj  confessedly  a  declara- 
tion of  ignorance  of  any  form  of  proximate  constitution.  The  decision, 
then,  lies  between  caibamide  and  qranate  of  ammonia,  and  that  ded^n 
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depends  in  a  groat  measure  upon  considerations  which  1  iia\e  fully 
discu^^  in  other  pai  ts  of  thi^  work,  and  to  which  I  have  already  asked 
the  reader  to  refer. 

The  main  argument  mged  in  favour  of  the  carbamide  theoiy,  is, 
that  urea  readily  produces  carbonic  add  and  ammooia  when  it  is  heated 
with  hydiated  alkalies  and  strong  acids.  Biit  that  aigument  was 
certainly  not  bu  <  I  nym  a  fuU  consideration  of  the  characcer  of  the 
azotic  radicals,  and  of  the  transmigratioos  which  aaote  undergoes  under 
tlie  pressure  of  different  chemical  forces.  These  transmigrations  I  have 
traced  in  ^cat  detail,  and  I  may  say  that  it  is  demonstratid,  that  a 
cyanate  can  give  oft'  airlx)nic  acid  as  rraflih-  if  it  contained  carbonic 
oride  or  even  carhfinir  acid  n'adv  tormed,  provided  you  supply  the 
radicals  that  are  iiecessaiy  to  occupy  the  azote  which  the  emanate 
lil>t'iauci  wiieii  it  gives  off  the  carlx)nic  acid.  It  is  simply  a  question 
of  the  balance  of  tlie  powen>  wiucii  are  brought  into  simultaneous 
operation. 

Then,  in  regard  to  the  diseogagemeni  of  ammonia,  we  find  that  a  cold 
solution  of  an  alksli  does  not  liberate  it»  but  that  a  hot  solution  liberates 
it,  and  that  fusion  of  the  mixed  salts  in  the  dry  state  liberates  it.  A 
corresponding  action  has  been  described  in  the  treatment  of  isatinc  with 
caustic  potash.  Sec  page  261.  In  that  case  a  cold  solution  of  KHO 
has  this  reaction :  ZH«  +  KHO  =  ZHK  -f-  HHO ;  while  a  hot  solution 
has  tliis  readaon:  ZH*  4-  KHO  =  ZH»KO.  Applying  this  illnstratwn 
to  urea,  wo  may  imagine  that  the  mixture  ZH*,CyO  -f-  KHO  (cold)  pro- 
duces ZH'K,CyO  +  HUO,  in  which  case  no  ammonia  is  exjx'lled :  but 
that  when  KHO  (hot)  is  applied,  tlie  r»^actinn  becomes  ZHVCvO  -f-  KHO 
=  KCvO  -f  ZH*,HO(  ZH*,H  +  I1,H0),  which,  of  ct  ausis  disengages 
ammonia.  In  the  presence  of  an  excess  of  potash,  tlie  reaction  does  not 
end  here,  but,  as  is  shown  by  reaction  3,  the  cyanogen  is  next  decom- 
posed,  and  the  final  results  of  the  decomposition  of  the  urea  are  ammcmia^ 
and  carbonate  of  potash. 

To  enter  farther  into  details  would  be  oolf  to  rqpeat  what  I  have  said 
in  the  sectkns  to  which  I  have  made  reference.  Briefly,  I  ma]r 
conclude,  that  every  one  of  the  reactions  of  urea  agrees  with  the  theory, 
that  its  true  constitution  is  that  of  cyanate  of  ammonia  =  ZH*,CyO. 
The  notion  that  it  is  carbamide  =  ZHSzH*,C0,  is  discordant  with  the 
whole  series  of  facts  that  have  been  disclosed  in  the  course  of  this 
investigation  of  the  theoiy  of  the  azotic  radicals. 
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Examples  of  Ureas. 

1.  ZH*        ;  CjO    «   •    .   Ammona  emanate. 

Compound  Ubias,   Qroup  A. 

2.  ZH^CH■   ;  CyO  ♦  .  .  Mfthylam  (rvMnato. 

3.  ZH^C*IP  ;  CvO  .  .  .  Ethylani  cyanaLe. 

4.  ZH',C»H*  ;  CjO  .  .  .  AUykiu  cyanate. 

5.  ZH»,C*H" ;  CyO  .  .  .  Amylam  <yanate. 

6.  ZH'.CH*  ;     O  .  .  •  Phenylam  cyanate. 
.  ZHf,CfIF  ;  CyO  .  «  .  Toloenylam  cyanate. 
.  ZHP,C**flT;  C7O  •  •  «  Kaphtylam  cyanate. 

CouTdOHD  Ubbas.   Grov^  B. 

9.  ZH*(C      )« ;  CyO  .  .  .  Methylem  cyanate. 

10.  ZH'(C«  H*  )• ;  C^O .  .  .  Ethylem  cyanate. 

11.  ZH*(C*H»)«;  QrO.  .  •  Amylem  cyanate. 
\2.W{OWy\OyO.  .  «  AUylem  <7anate. 

1 3.  ZHXC*  H*    ;  CyO .    ,    •    Phenylem  emanate. 

14.  ZIF(G*«Hr/;CyO.   ,  .   Naphtylem  cyanate. 

CoxFOun)  Ubbaa.  Qrwp  C 

15.  ZH",CH\C*H*  ;  CyO  .    ,    ML'thvlic-^thylam  cyanate. 

16.  ZH',CW,C'H'' ;  CyO  .    .    EthyUc-amvlam  cyanate. 

17.  ZH»,C«H»,eH*  ;  CyO  .    .    Ethylic-ph^nylam  cyanate. 

OoMPOinno  Ubbas.  Qroup  D. 

18.  Z(C%*y ;  CyO  •   •   •   •   Ethylom  cyanate. 

SiXTB  OF  Ubsa. 

19.  ZH^CyO  4-  HNO^  .   .   .   Aminooa  cyanate  com  hydn 

nitrite. 

ao.  ZH'fCyO -I- AgNO*    •   •   Ammona  cyanate  com  aigenta 

nitrite. 

21*  ZH\GyO -f*  aAgNO*  .   •   Ammona  cyanate  bis  aigenta 

nitrite. 

aa.  ZUSCyO  H-  HCO*  •   •   «   Ammona  cyanate  com  hydm 

carbete. 
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33.  ZH^CyO  +  HCyO  •   •   •   Anunona  cjmte  com  hjrdia 

cyanate. 

24.  ZH^CjrO  4-  Nad  •   •   •   Ammooa  cyanate  cam  natni 

chlonu 

25.  H,CyO-|-HCl    »   •   •   Hydra  cyanate  cam  hjrdia 

chlora. 

26.  ZU*,CU« ;  CyO  +  HNO^  •   Motfn  lam  cyaoate  cum liydw 

nitrite. 

27.  ZH%Cli»;  CyO-H  AgNO»    Phenylam  cyauate  com  sr- 

genta  nitrite. 

Tbsobt  of  GoMFOUim  Ubka& 


The  Gompoand  Uieos  differ  from  Nonnal  Urea  piecbely  to  tbe 
extent  that  all  the  salts  of  viceanunonhima  difofrm  the  coi^ 
salts  of  normal  ammooiam,  namely,  by  the  rqplaoement  of  ff, 
or  of  tbe  ammoniran  by  an  eqiial  number  of  equivalents  of  componiid 
ladicals.  The  compoand  areas  are,  therefore*  in  all  probability,  odd- 
atracted  in  the  same  manner  as  nonnal  urea,  so  that  if  the  latter  is  to  be 
constdeied  as  a  cyanate  of  ammonimn,  the  foinier  moat  be  considered  aa 
cyanates  of  vice-iunmoniimis.  If  it  were  in  accordance  with  discovered 
facts  to  consider  normal  urea  as  carbamide,  it  would  be  *-<iTm])y  m 
accordance  with  facts  to  represent  tlio  romponnd  iiroas  as  coni]x>imii  car- 
bamides.  This  rL'j)rosentation  is,  in  fact,  made  by  many  cl^onTi^^ts,  and 
I  have  quoted,  iH.'twtvn  pagtts  298  nm\  301,  the  aijguments  by  in-  arts  of 
whicli  nw.'  of  the  most  distingui;3iievl  investigators  of  organic  leases  has 
endeavoured  to  fix  the  character  of  carl>amides  upon  the  two  salts  that 
are  numbered  6  and  13  in  the  alxjve  Table.  I  have  cx;uninrtl  the 
Ix^arings  of  his  argunieuts,  and  pointed  out  tJieir  ^^  lakness,  and  I  Live 
draw  n  from  that  examination  the  conclujsion,  that  the  doctrine  of  car- 
bamides  is  invalid,  and  tiiat  the  chemical  reactions  of  the  two  compounds 
in  question,  demonstrate  that  they  are  undoubtedly  cyanates  of  vice- 
ammoniums.  Dr.  Hofinann,  aa  I  have  8hown»  decides  in  frvoor  of  liie 
caihamide  theory,  Qerinrdt  admits  that  aa  It  ia  poaaible  to  repreaent 
ofdinaiy  urea  as  a  cyanate  of  ammonia,  it  is  evident  that  oompo«iiid 
areas  can  be  equally  expressed  by  aimilar  xational  ibnnahe;"  baft  he 
decidee  in  &voQr  of  the  type  ammonia,"  and  gives  to  the  ureas  a  aerieB 
of  foimuls  of  which  the  following  are  examples  :— 

Metliyl-ur(.»a  ^  ^ 


No.aintheTable-^'N"0-^<CH- 


Ethylamyl-uroa  .  \  cexiu^tn 
Now  x6  in  the  Table/ 
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In  these  ibimiike  G  s  12,  O  s  16,  and  the  symbol  CO  signifies  an 
ondised  ndical,  which  Gerhndt  calls  oiuhonyk^  and  which  he  oonsidm 
to  be  the  eqnivalent  of  IP.  These  fonnuls  represent^  therefore,  a  doable 
atom  of  ammonia,  and  neither  a  emanate  nor  a  carbamide.  It  is  tieedlesB 
to  discnss  this  proposal,  because  I  have  explained,  at  page  233,  the  phi- 
k>sopliy,  or  rather  the  phantsay,  of  the  ammonia  tfpe. 

Usual  Nahiis,  Fobmulje,  Derivatioms,  &c.,  of  the  CmoKna^D 
Ueeas. — ^It  would  be  a  waste  of  time  to  go  over  the  compound  areas, 
one  by  one,  and  recite  at  length  and  examine  critically  the  names, 
formulffi,  and  theories,  that  have  been  attached  by  difl'erent  chemists  to 
each  of  them.  A  glance  at  the  Table  from  No.  2  to  No.  18,  sliows  the 
relative  compositions  those  salts,  and  how  romplet^'ly  they  all  agree 
with  the*  fwn  proj>ositions,  that  thev  are  c/anateSy  and  that  the}-  contain 
vtcp-'un/nu/tiunis.  In  Group  A,  we  have  anunnnanis  ;  in  Groups  B  and  C 
we  iiave  ammonoms ;  in  Group  Dan  ammonom.  I  shall  qiioi  ■  a  few 
of  the  common  names  and  fornmlte,  in  order  to  identify  the  compounds, 
and  refer  to  some  of  their  modes  of  derivation  and  their  characteristic 
reactions;  but  I  aj^sume,  once  for  all,  tliat  I  am  sjK-aking  of  cyanates  of 
vict^-ammoniums,  and  I  shall  oniy  quote  otlier  ibnnulo:  to  explain  the 
views  of  other  chemists. 

Gboup  a.  Nos.  2  to  8.    emanates  0/  Ammomms. 

2.  Methyl-oixea  -  H»(COT)NKW,  MUhr. 

He  describes  it  as  being  derived  frnm  mothyl-cyanic  ether  (see  No.  431, 
page  250,)  and  ammonia,  thus:  C^H-^0,C*NO  -f  IPN,  and  lus  being  a 
urea  in  which  the  place  of  one  efpiivjilt  nt  of  hydmgen  has  been  supplied 
hj  one  equivalent  of  the  radical  of  the  etlier.    Thus : — 

Ordinarj.  urea  =  H'( 

It  is  evident,  that  this  is  a  reaction,  in  which  the  cyanate  of  a  compound 
hydrocarlx)n  is  converted  into  the  cj'anate  of  an  aiumonam,  by  the 
assumption  of  ammonia,  thus: 

ZH»H  +  CH«,CyO  =  2H»,CH» ;  C>  O. 

GmeUn  gives  the  following  fozmobe  for  metfayl-orea: 

Gerhofdtfa  ibnnnle  on  the  ammonia  type  I  have  qooted  above  from 
▼oL  4t>f  lua  IWnietf.  In  voL  x  he  gives  these  two  fijnnaUe : 
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eH«ITO«  «  ^^^;o|,  in  which  C  =  6, 0  8- 

The  liisi  of  these  fonnulae  Is  formed  on  the  model  of  water,  in  wliich  one 
of  tlie  atoms  of  hydrogen  is  assumed  to  be  replaced  by  nietliyl,  and  the 
other  by  the  very  strange  compound  NCyH*,  which  he  calls  q/ammmo- 
niiLnif  a  thing  which  exists  onlv  in  svmbols. 

The  examples  Nos.  3  to  8  1  may  pii:>s  over  without  further  notice,  as 
their  usual  names  and  formulsB  would  be  parallel  to  those  of  methyl-urdk, 
and  exhibit  the  same  crodeness.   Ko.  6  is  described  at  page  298. 

Group  B.  Nos.  9  to  14.    Cyanates  of  Amnumems, 

When  the  cyanates  of  biisic  radiails  are  placed  in  contact  with  water, 
they  evolve  carbonic  add  and  produce  cyanates  of  ammooems.  Thus: 


Methyla  cyanate  \  jCH»  CNOl  fZH*,CH»,CIP;  CNO  ss  Na  9* 
No.  431,  p.  2501  ~  1  CBP^CNOl  ^\  00" 

H.HOJ  i 

The  salts  Nos.  10,  11,  and  12,  are  prodncod  in  the  same  way. 
No.  13  has  been  fully  discussed  as  No.  90  of  tlie  .uulinc  series.  No.  14 
is  produced  by  the  action  of  heat  on  the  oxalate  of  napht^^lamine 
(ss  ZIP.C^BJ;  C0»  =  naphtjrlam  carbete).  Usual  names:  Na  9,  Di- 
melihyl-iirea.  No.  10,  Diethjl-ureB.  No.  11,  Diamyl-mea.  No.  13, 
Diallyl-orea ;  diacryl-orea;  ainapolme.  Na  l  Jt  Diphenyl-urea;  flavine; 
and  carbanilide.  No*  14,  Dinaphtyl-carfaoniiae,  or  naphtatidamic  cvfai- 
mida  I  will  notioe  the  usual  foataikB  ht  oue  salt  only.  No.  1 3.  Hb^ 
matm's  iRnrmuIa  I  have  quoted  at  page  300 

Gerhardt'a  (voL  i)  =  e«H"»N«0«  «  ^^^^'^c^^lo} 
Gerhaidt*a  (vol.  4)  «  C'^H'^  = 


From  these  s|xx:imens  it  will  bf  sn  ii  that  while  Hofrnann  advc»cates  the 
carbamide  theory,  Gerhardt  first  pin|>  is  ij  the  m nd*--!  of  water,  and  then 
the  ammonia  type,  and  that  in  the  last  form  he  is  tuiiowed  by  Miller. 

Gbouf  0.  Nos.  15  to  17.  Ci/anates  of  Amnwnms^ 

These  salts  differ  from  those  in  Group  B  merely  by  contaimng  two 
diflerent  compound  radiails  instead  of  two  equivalents  of  the  same 
poimd  radical,   Uaoal  fimniike  fcr  Ethyl-methykirea,  No.  15 
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NCyH«(CH=').0| 

[00 

"  HCCyOf 

Here,  restrictiiig  ourselves  to  two  authors,  we  have,  first,  the  dump  for- 
mula, that  iDDooent  thiog  which  leiembleB  a  directioii-pofit  with  the 
inscription  robbed  out,  and  which  does  not  aend  ua  astray  odIj  becanse 
it  does  not  tell  ua  to  go  anywhere;  secondly,  we  liave  the  model  of 
water;  thirdly,  the  ammonia  type;  to  both  of  which  I  have  given  else- 
where their  proper  modicom  of  pndse ;  and  fourthly,  we  have  a  binary 
Ibrmula,  which  assumes  the  salt  to  consist  of  hydrated  cyanic  acid,  in 
combination  with  the  jnnmonia  called  methyl-ethylamine  (=  methylac 
ethyla,  No.  27,  page  200;.  The  objection  which  I  have  to  make  to 
this  liLst  formula  is,  that  it  represents  an  extreme  iraprobabiUty ;  the 
amidogtn  salt  ZH,CH*  ;  C*H*,  put  in  contact  with  the  hvdratod  acid 
H.CyO,  would  produce  the  ammonium  salt  Z3PyCll\C*li' ;'  CvO.  We 
caunot  admit  that  the  non-permanent  cyanate  of  ammonia  is  rapidly 
converted  into  the  perinanent  cyanate  of  ammoiiium,  and  at  the  same 
time  insist  that  the  permanent  compound  cyanates  or  ureas  assume  and 
retain  the  form  that  belongs  to  the  fugitive  cyanatea. 

Group  D.  Ko.  i8.  Z(CV)',CyO.  EOf/lom  cymurie. 
Miller's  name  for  this  salt  is  Tetrethyl-urea,  and  his  fonuule  are : 


Gerhardt,  vol.  1  -  NCy  ^^^/[o}-   Vol,  4  -  K«  |(^h»)*. 
Salts  op  Ubka.  Kos.  19  to  27. 

Nonnal  uroa  and  the  compound  ureas  combine  with  hydmted  fK^ids 
and  with  neutral  i>alts,  to  form  double  salts,  such  as  are  n .presented  in 
the  Table  of  examples,  Nos.  19  to  37.  All  the  compounds  formed  with 
hydrated  add%  retain  their  add  leactiona.  There  la,  of  course,  no  neu- 
tralisation of  the  aatoiating  capacities  of  the  adda  efiectod  by  the  ureas* 
which  have  been  inconsiderately  and  im])roperly  termed  *^  bases."  Th^ 


J        y  Google 


348 


TEREASIC  CTAJfATES* 


combine  with  acids,  not  in  the  sense  in  anhydrous  potash  is 

&isuined  to  combine  with  suibydrous  sulphuric  acid,  ctlecting  tlie  neu- 
tralisatioii  of  its  acidity ;  but  in  the  sense  in  which  neutral  sulphate  of 
potash  oombineB  with  hydmted  aulphoric  acid,  produdng  a  doable  aalt, 
hat  not  affecting  the  sataratinff  capacity  of  toe  hydrated  add.  The 
application  of  the  term  "base  to  a  neatral  aalt  when  acting  in  this 
manner  has  produced  much  of  the  ambignity  which  peivadea  moefe 
chemical  writingB  on  the  subject  of  the  salts  which  contain  hydrogen. 

It  is  needless  to  enter  into  details  respecting  these  compooods  indi- 
vidually. Their  composition  is  evident  from  the  symbols,  and  I  only 
insist  upon  the  broad  fact,  that  these  are  double  salts,  and  that  to  rc-gard 
them  as  compounds  of  acids  witli  a  base  is  improper.  Urea  is  never, 
under  any  circumstapoes,  a  "  ba^e." 


Terbasic  Cyanates. 

In  describing  Dr.  Hbfmann's  Anilocyanatea,  I  have  suggested  (see 
page  305)  that  those  salts  may  have  the  constitution  of  T^basic 

emanates,  or  be  produced  by  the  coitibination  of  a  monolmsir  vanate 
With  a  salt  f  riu.xl  on  the  model  of  water,  H,CH'0  +  C*H^CyO 
=  H,CH^eH* ;  CyO«.  See  Aniline,  No.  96,  and  No.  3  in  Uie  follow- 
ing Table.  There  are  many  other  salts  that  have  similar  proportions  of 
ultimate  constituents,  and  which  are  liable  to  a  similar  interpn'tation  ; 
while  the  pnxesses  hv  which  some  of  them  are  prc]>arrH.1,  and  the  pro- 
ducts of  tlieir  dec()inj)osiuon,  give  strength  to  this  h}  jKjtliesis.  Never- 
theless, mauy  of  tlie  f;icts  upon  which  we  must  build  the  theory  of  ter- 
basic cyanates  are  liable  to  so  mauy  other  interpretations,  that  I  can 
only  state  the  hypothesis  in  a  general  form  as  one  for  cofUfdsrerfwn,  and 
noi  as  one  that  is  establtahtd,  CSertBinly»  the  aignmeots  which  I  have 
adduced  at  pages  305  and  306  are  strongly  in  fitvour  of  the  suppositaon 
that  the  anilocyanates  are  terbasic  cyanates ;  but  the  evidence  respecting 
some  other  of  the  compounds  in  the  following  Table  is  neither  so  direct 
nor  so  conclusive  as  that  respecting  the  aniloqranates,  though,  as  it 
appean  to  me,  it  is  sufficiently  affirmative  to  warrant  my  grouping  the 
compounds  into  a  class  for  future  investigation. 

We  cannot  j)r(xluce  terbasic  cyanic  acid,  because,  as  I  have  pointed 
out  at  page  338,  when  hydrated  cyanic  acid  =s  H,CNO  acts  upr)n 
water  =  HHO,  they  are  resolved  into  aniniunia  ZH^H  and  carlxmic 
acid  —  (Xy.  PMit  this  reaction  is  no  disin  oof  of  the  existena'  of  terhisic 
cyanates,  contaiinng  other  basic  radicals  tliiui  li,n,H;  because  we  have 
enmples  of  the  production  of  some  of  these  salts  by  the  direct  action  of 
hydrated  cyanic  add  upon  hydrated  ooddes  formed  on  the  modd  of  water, 
as  will  be  seen  in  the  Allowing  descriptions 
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Examples  of  Terbasic  Cyanates. 


I. 

2. 

3- 
4- 


7- 
8. 

9- 

lO. 

II. 

12. 

14. 

16. 

«7* 
18. 

19- 
20. 

2I« 

22, 

23. 

20. 


C*H» 


H,  H,  CH* 

H,  e'H\  C*H* 

H,  CFP,  C"H» 

H,  C*}P,C«H^ 

H,  C^H",CH» 

H,  K,  CH» 

H,  Na,  C?W 

H,  Ba, 
Sr, 

II,  Ca, 

H,  Mg,  eiP 

H,  Ag,  eip 

H,  Cue,  C^H* 

H,  H,  CH» 

H,  Ag,  OP 

H»  Zn,  dp 

H,  H,  C"H' 

H,  CW,OT* 

H,  H,  C»H" 

H,  H,  C*H» 

H,  H,  aw 

H,    H,  C'H" 
CH^  rir,  ZH* 
eH^C*H^  ZH^ 
Hgc,Hgc.  ZW 

H,  H,  ZH* 


CyO*  .  Hydra  hydra  phenyla  cyanete. 

CyO*  .  Hydra  phenyla  phenyla  <^aDete. 

OyO"  ,  Hydra  niethyla  phenyla  cjanete. 

CvC)*  .  Hydra  etli\  la  phenyla  cyanete. 

<J\  (>'  .  Hydra  am\  l:i  ]»li«'iiyla  cyanete. 

CyO*  .  Hydni  ]iot;issa  phenyla  cyanete, 

C^O*  .  Hydra  n.itra  phenyla  cyanete. 

C}  0"  .  Hydra  baryta  phenyla  cyanete. 

CyO*  .  Hyiira  stronta  phenyla  cyanete. 

CyO*  .  Hydra  calca  phenyla  c\  anete. 

CyO*  .  Hydra  magna  phenyla  cyanete. 

CyO*  .  Hydra  argenta  phenyla  cyanete. 

CyO^  .  Hydra  cupric  phenyla  cyanete. 

CyO*  ,  Hydra  hydra  methyla  cyflsete. 

CyO"  ,  HydfE  argenta  methyla  cyanete. 

€^0*  •  Hydra  xinca  methyla  cyanete. 

CyO*  .  Hydra  hydre  etfayla  cyanete. 

CyO*  .  Hydra  ethyla  ethyla  cyanete. 

CyO^  .  Hydm  bydra  amyla  cyanete. 

C^O^  .  Hydra  hydra  bn^la  (^anete. 

CyO*  .  Hydra  hydra  tolnenyla  cyanetew 

CyO*  .  Hydra  hydra  aimenyla  ^anete. 

C\     .  IVIethyla  methyla  ammona  cyanete. 

CyO'  .  Ethyia  ethyla  ammona  cyanete 

CyO*  .  Meric  meric  ammona  cyanete. 

CyO*  •  Hydra  hydra  ammona  cyanete* 


Usual  Namis  akd  Fokmuljb  of  the  Tbrbasio  Ctakatbb. 

i].  H,H,C^H*;  CyO*.  Hvdren  phenyla  cyanete.  Anthranilic  ncid; 
Iv^nzamic  acid;  carbanilidic  acid  =  C'WNO*  =  HO.CO*;  CH-'N, 
CO  =  HO .  C(0,C'*H''N)CO',  Hufinann,  who  adds,  that  he  considers 
these  three  acids  to  be  identic    Fhenyl-carbaouc,  carbaoiliCy  or 

anthianiiic  add  =  C"HW  «  NH(<?*H»)(CX))^|  fiWonft. 

Anthranilic  acid  (HO,C''*H*NO'),  Milkr,  Bf  nzannc;  carbanilic,  or 
amido-benzoic  acid  =  C'^H^NO*  =  lIO,C"H*,il  N,0*,  MtUer,  A  great 
many  other  formulae  have  bec»n  applied  to  tho.^^e  substances,  the 
proximate  composition  of  which  is  not  understood,  nor  is  it  yet  even 
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deciHodlv  fiscort^i-rsKl  whether  there  is  one,  or  two,  or  three  compounds 
Ot  difiiTent  properties  having  the  >:\vv^  ultiuiatc  connKJsition  =  (7H^X0'. 

While  suj/gesting  that  the  cuniponnd  No.  I  may  Vh?  a  torbisic 
cvanato,  in  a^^reeiuent  with  the  formula  H,HO  4-  (^H\Cv( ),  it  is  pr()j>er 
Vt  [Licc  Ixefore  the  reader  some  of  the  other  lormula:,  accordiug  to 
which  the  uluniate  composition  may  be  interpreted. 

a).  CH* ;  ZH* ;  00*.  This  represents  an  amide  derived  fincmi  aneatal 
carbonate,  having  one  equivalent  of  ammonium  and  one  of  phenyl,  tlus: 

CH*;  ZWi  CO'-HHO  «  C'H*;  ZH«;  00". 

Bj  some  chemists  the  fimnnk  a)  would  be  widerefeood  to  sigmfy  the 
carbamate  of  phenyl 

h).  ZH.CW;  H;  CO*.  This  lepresoito  an  ani1id(3geii  add  derired 
hem  the  bicarboiiate  of  phenylam  by  absteaction  of  HHO : 

ZH»,CW,  11;  CO*-HHO  =  Zli.CH^  H;  CO*. 

c).  ZH*,C^irO'.  In  this  case  all  the  carbon  of  the  compoond  is 
placed  together  so  as  to  increase  the  acid  energy  of  the  negative  radifal, 
and  the  nitrogen  then  forms  an  amid  with  the  two  ba.'Jic  radicals.  ^lost 
of  the  salts  in  the  t;il)le  are  liable  to  this  treatment,  Init  it  liappeKS  m 
reeanl  nianv  of  them  that  the  true  amids  IrivniL^  the  siirne  nltimat.,- 
composition  are  otiierwise  known,  and  have  ])roperties  that  ditier  trom 
those  of  the  sulistances  that  are  refern'd  to  in  this  Table. 

The  formulm  which  I  have  quutc-d  from  ]\Iiller,  Hofmann,  and 
(ii  rliardt,  r»  ]  nt  icid  radicals,  which  inchule  airl)on  in  combination 
wall  aniulugcu  ur  jjlicnylac.  It  is  needless  to  resort  to  the  ex})edia;: 
of  Iraniiiig  imaginar}'  conjugated  radicals,  while  we  have  before  us 
several  more  probable  and  more  simple  methods,  by  means  of  which  the 
tnmsfomiatioiis  of  the  compounds  can  be  sufficiently  explained.  Of 
these  several  fonnulee  I  prefer  that  whkk  regards  Uie  compomKis  as 
being  terbasic  cyanates ;  but  we  have  not  sufficient  knowledge  of  ftds 
to  be  able  to  decide  exclusively  in  fiivour  of  this  or  of  any  one  fiirmukL 

Anthranilic  acid,  when  heated^  produces  aniline  and  carbonic  sod 
gas: 

H3.CTI»;  CNO^  =  ZH.CBP;  H  + 

The  formnlir  marked  a),  6),  c),  suit  this  exporiment  equally  well, 
that  the  exjMTiraent  pr«)V(^  nothino;  beyond  tlie  accnracv  of  the  clump 
fommla  C'H'KO*.    Benzamic  acid  is  said  not  to  produce  aniline  when 
heated. 

2j.  H,C*H*,CH*;  CyO*.  Hydra  j^henylen  cyanet<\  A  combination 
of  anilocyanic  acid  with  livdrat-ed  oxide  of  phonvl.  Jlofmaiuu  Thu*; 

C«H»,CyO  +  H,C*H*0  »  H,eH\C«H*;  C>0*. 

3].  H,CH»,C'IP ;  CyO\     Hydra  methyia  plienyla  cyanete.  See 
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Aniline  96].  A  compound  of  the  same  composittoD,  discovered  by 
Ghanoel,  is  called  by  Gerbardt  the  phenyl-carbamate  of  metfij],  or 

carbanimethvknp. 

4].  H,e'H\CH*;  CyO^  Hvrlra othyla  phenyls  cvai.  te.  See  Aniline 
9*7 J.  Also  Chancers  compouiKl,  caikil  by  Gerhardt  phenyl-carl^amnte 
of  ethyl,  or  carl)anilethane.  This  kist  coiinx>und  is  cooverteci  by 
ammonia  into  alcohol  and  anilo-area  (Aniline  89) : 

H,(m%CTI»;  CyW       fZH»,CH»;  CyO  «  Anilo-una. 
ZWHl  f  "  t        H,eH«0  o  Alcohol. 

5I.  H,C*H*SC?'H*j  CyO*.    Hydra  amyla  phenyla  cyanete.  See 

Aniline  98]. 

6].  H,K,C*H*;  CyO".  Hydra  potassa  phenyla  cyanete.  Beuzamate 
of  potash.    Phenyl-carbamate  of  potaiili.    Scarcely  known, 

7 J.  H,Na,CH* ;  CyO*.  Hydra  natra  phenyla  cyanete.  Amido-ben- 
zoate  (BeDzamate)  of  soda  s  Om*J!(a(NW)0*,  Voit,  Quart.  Jount. 
Chm,  Soc,^  ix.  aoo. 

8,  9,  10,  ti].  Amido-beiizoatea  or  beuzamates  of  beiytee,  BtroBtia» 
lime,  and  magtiesia ;  desa  ibed  by  Voit,  (ke.  at,)  There  la  also  a 
phenyl-carbamate  of  lime.  Chancel. 

1 2].  H, Ag,G*(i* ;  CyO*.  Hydra  argcsta  pbenyla  cyanete.  Carbft* 
ailate  of  silver ;  nTithrinilnte  of  silver;  benzamate  of  silver. 

13].  II,Cuc,C^H^;  CyO*.  Hydni  capric  phetiyJa  cyanete.  Benza- 
mate  of  copper ;  cai'banilate  of  copper. 

14].  H,H,CH*;  CyO*.  Hydren  methyla  cyanete.  Two  comp<junds 
answer  to  tliis  formula,  both  of  which  have  undergone,  and  still  undergo, 
much  discussion.  Whether  or  not  either  of  them  beloncrs  to  this 
category  has  yet  to  be  finally  determined.  They  are  named  urt' thy  lane, 
(carbamate  of  methyl  or  carbomethylane)  and  glycocoll. 

Urethylane  is  mned  by  sirtiiiiating  wood-spirit  ?rith  the  vapour 
of  cyanic  add.  This  reaction  gives  na  H,CH*0  +  HCyO,  which  is 
predsely  the  compositioii  of  a  terbasic  cyanate.  It  is  also  prodtioed  by 
]xissing  gaseous  chloride  of  cyanogen  into  wood-spirit  mixed  with  water, 
which  ia  also  in  aocofdanoe  with  Siis  idea : 

H,CH^O  +  HHO  +  CyCl  =  H,H,CH*;  CyO*  +  HCL 

It  vaSen  the  fisUowiog  deoomposttiona : 


H,H,CH» 
i  j.  Sulphuric  acid  H 
Water  H 

Ii,II,CH' 

{K  * 


'ZH*,SO*  Sulphate  of  ammonia. 
=  ^H,CH^O  Wood  spirit. 

CO*  Carbonic  acid. 
KK,CO*  Carbonate  of  potash. 
^CH'O  Wood  spirit. 
.H  Ammonia. 
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These  reactions  are  procisely  such  as  arise  from  tho  decomposition  of  a 
componnd  that  contains  cyanoj^en,  and  agree  pt-rfectly  with  Fnrmiiln  14]. 

Urethylane  is  also  calli^l  carbamate  of  methyl,  and  is  assumed  to 
contain  the  hypothetical  carlmraic  acid.    Seo  page  359. 

Glycocoll,  or  sugar  of  gelatine,  is  obtained  by  tlie  action  of  alkalies 
and  acids  upon  gelatine.  It  combines  with  adds  without  neutralising 
lihem;  its  aolotkm  reddens  fitmus  &Mj}  these  are  chantdecs  which 
agree  veiy  well  with  the  aboye  finnala.  It  can  exchange  H'  finr  a 
metal,  especially  £>r  Zn,  Gnc,  Pb^  Ba,  and  Ag.  Kos.  1 5  and  16  in  the 
TaUe  are  examples  of  such  nits.  They  can  be  formed  l)y  heating  the 
hydiated  oxides  of  the  metals  with  a  solution  of  glycocoll : 

H,H,Cir  ;  CyOM        jli,Ua,CH»;  CyO» 
Ba;HOf  -  t  H;HO. 

When  frlycocoll  is  boiled  with  acetate  of  co])por,  acetic  acid  is  expelled, 
and  a  compound  of  glycocoll  with  oxide  of  copper  is  obtained  in  solur 
tiou: 

H,H,CH'';  CyO'l    _  JH,Cuc,CH^  CvO« 
Cue  ;  eH'OJ   "  t  H;  (?H  O*. 

15]  and  16].  Salts  of  glycocoll.    See  last  note. 

17],  H,H,C'H* ;  CyO*.  Hydren  cthyla  cyanete.  The  clump  for- 
mulae of  several  known  com])Oun<1s  ngrce  with  this  formula.  Thr  most 
important  of  tiiese  are  urethaue  (or  carbamate  of  ethyl),  sarkosme, 
alanine,  and  lactamide.  But  if  there  exist  several  acid  radiails  havinjr 
the  formula  respecting  which  I  Iiave  made  some  inqunita  in  tlie 

section  on  glycerin,  it  is  probable  that  there  are  several  amides  isomeric 
with  lactamide.  The  compounds  that  are  here  referred  to»  thcmgh 
afike  in  ultimate  composition,  differ  from  one  another  in  certain  pro- 
perties, but  have  not  had  their  eharacterB  fnily  determined.  It  Is 
therefore  impossible  to  say  how  many  of  them,  if  any,  ought  to  be 
embraced  in  the  category  of  teifaasie  (^anates.  I  do  not  enter  into 
details,  because  I  find  among  them  no  facts  that  point  ont  conclnsive 
arguments  respecting  the  proximate  composition  <^  idiese  sevemi  salts. 

18J.  H,C'H*,C*H*;  CvO*.  Hvdra  ethvlen  cvanete.  Ethyluretliane, 
or  ethyl-c.irbamate  of  ethyle  =  C'°H"NO*' =  eH»(C^H*)NO\  Gerhanlt. 
Produced  by  heating  cyanate  of  ethyl  with  alcohol  in  a  closed  glass  tube, 
thus: 

It  is  decomposed  by  caustic  potash,  whidi  produces  akohol,  ethylamine, 
end  carbonate  of  potash,  thus : 


H,C^*0  +  OT»,CNO)       (H,C*HH)  Alcohol 

EHOV  e  {ZH,(m*;H  Ethylamine. 
EHOj       (EK,00*      Ourbonate  of  potash. 
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When  beated  with  conoentiated  sulplinric  add*  it  produces  caibonic 
add,  sulpliate  of  ethjlamine  and  siiiphovimc  add : 


ZH»,CTP ;  SO"    Sulphate  of  ethylamiixe. 

i    H  •  SOU  S^P"^v""*5 
'  CO* 


These  reactioiis  all  agree  with  the  theory  that  ethjlmethane  is  a  terbasic 

cyanate,  D  ntaining  two  atoms  of  ethyl. 

193.  H,H,C*H" ;  CyO'.  Hydien  amyla  ryanote.  Amylourethane, 
or  carbamate  of  aniyle,  discovered  by  Mr.  Mediodc  (Quart,  Jour,  ofth$ 
Chem.  Soo,f  ii.  21  a).   Foxmuke : 

=  C»^»*NO*  =  C»H"N  +  2C0*  =  C'W»0,C  |^,^^g|. 

This  salt  was  produced  by  the  action  of  ammania  on  the  cUoio-carbon* 
ate  (t.  «•  the  cblorio-ibnnylete)  of  amyle,  thus : 

C*H»,CC10»(       jH,H,C*H";  CNO«. 

ZBra  +  zH«Hf  -  \  ZH\a 

When  this  salt  is  distilled  with  caustic  baiyta»  it  produces  ammonia, 
carbonic  add,  and  hydrated  oxide  of  amyle : 


H,H,C  H^' ;  CNO* 
BaHO 
BaHO 


ZHMI 

=  «[Bal3a,C0^ 

1h,c*h»o 


When  heated  with  sulphuric  add,  it  produces  sulphamylic  acid  and 
ammonia,  with  evolution  of  carbonic  add  (and  sulphnroos  add?)  : 

HS<yl  =  \     H,SO»f  Sulpbamyhc  acid. 
HSO»j       [ZBm  ^-  CfO*. 

The  sulphurous  acid  must  have  proceeded  firom  a  subsequent  decompo- 
sition of  part  of  the  sulphamylic  acid. 

These  roactious  ^liow  that  amylo-urethane  agrees  perfectly  with  the 
character  ol  a  terbasic  ( yanate. 

Another  compound  u  hich  coiTosj)onds  to  the  same  formula  amylo- 
urethane  is  leucine ;  but  though  its  reactions  do  not  indicate  :x:)  clearly  i\s 
those  of  amylo-urethane  that  its  composition  is  that  of  a  terbasic  cyanate, 
yet  there  are  many  points  of  resemblance.  It  comlnnes  with  metals  to 
'form  salts,  of  which  the  following  is  an  example:  H,Pb,C^H" ;  CyO\ 
By  dxy  distillation  leucine  produces  amyhmiine  and  carbonic  add,  thus : 

H,H,C*H"  i  cm*  «  ZH,C*H" ;  H  +  CO*. 

ao].  H,H.C*H^  CyO^.  Hydrenbntylacyanete.  GBrbamatedTtetryle; 
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bntylic  urathane;  tetrvlic  nretliane  =  C**H"NO,  (ipfrAardi^.  It  is  pro- 
dnced,  aooordiiig  to  Hunuim,  bj  acting  on  batylic  alcohol  with  liquid 
dilorlde  df  cyanogen : 

C*H»,C*H» ;  00*    =  Geffbonate  of  bntjrL 
H.H,C«H»;  CNO*  =  Na  20]. 

OH*;  a      =  Chloride  of  bnlyl 
ZH*;  a       "  Sal-ammoniac. 


4(H.OH»0)] 

a(CNCin  = 
HHOj 


According  to  Humann,  the  formula  is 

].    This  is  interpreted  in  6melin*s  Hai\dbook  (x.  149) 

to  signify  that  the  Si\lt  is  a  conipouud  of  carbonate  of  butyl  with 
carbaSiide  «  <?H*0,CO*  +  CNH*0,  The  objections  to  this  supposi- 
tion are*  that  it  indades  beUef  in  a  compound  of  the  existence  of  which 
we  have  no  evidence  (carbamide,  see  page  221),  and  that,  besidea  this, 
the  theory  is  less  probable^  and  the  fiMrmola  more  compiei:»  than  the 
theory  and  corresponding  formula  now  advanced. 

21].  H,H,<7H';  OyO*.  Hydren  toloenyia  cyanete.  The  toloamic 
acid  of  Cahours. 

22].  H,H,CH" ;  CyO*.   Hydren  cumenyla  cyanete.   The  comin- 

amic  acid  of  Cahours. 

23].  C1P,CH*,ZH* ;  CyO".  Methylen  ainmona  cyanete.  A  com- 
bination of  methylic  otlu  r  =  CH*,CH'0  witli  cyanate  <>f  animunia 
=  ZH*,CvO.  This  is  Gm-jliii'.s  iuihvdiuus  airhonate  of  niothvlaniine 
=  C'H\N,CO*.  Gerhanit's  formula:  ai'e  C'0\2C*H*N  aiid  C*H* 
(HC''H*N)NO*.  He  assumes  in  it  the  presence  of  a  methyl-carbamic 
acid  s  CH'NO*,  of  the  existence  of  which  we  have  no  proof,  and  for 
which  there  is  no  necessi^.  The  salt,  33],  is  prodaced  by  the  com* 
bination  of  two  volnmes  of  carbonic  add  »  CO^  with  fbor  volumes  of 
methylamine,  see  page  61  =  2(ZH,CH* ;  H),  and  the  product  might  be 
formulated  thus :  ZH*,CH* ;  ZH,CH* ;  00*,  in  which  form  it  is  analogous 
to  the  anhydrous  carbonate  of  ammonia.  See  No.  i]  in  the  series  of 
carbonates  of  ammonia  on  the  next  page. 

24].  (7H',C*H',Zn* ;  C}'0«.  Ethylen  ammoii;!  rvanote.  This  salt 
is  of  similar  composition  to  No.  23],  excepting  tliat  it  contains  nit:-thyi 
instead  of  ethvl.  It  is  siil)j«'ct  to  the  samo  divei-sitv  of  explanations, 
and  gives  origin  to  another  hypothetical  acid,  the  ethyl-car Laniic  acid. 

25].  Hgc»  Hofr,ZH* ;  CyO*.  Men  nic  animona  cyanote.  This  salt 
is  fonned  when  successive  portions  of  red  oxide  of  mercury  oU4»^>euded  in 
water  are  mixed  with  a  warm  solution  of  urea : 

HgcHgcO  +  ZH%CyO  =  Hgc,HgcZH*;  CyO". 
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a6].  H,H,ZH*;  CyCP.  Hydren  ammona  cyanete.  This  salt  looks 
like  the  "acid'*  which  corresjxmds  to  the  three  preceding  salts.  Its 
oocunence  is  poauble :  H,HO  +  ZH^GyO,  namely,  an  atom  of  cyanate 
of  ammonia  combined  with  an  atom  o£  water;  nmtfhdess,  I  ahall 
show  in  the  note  to  No.  i]  of  the  carboratoi  of  innm^i^ifl^  that  this 
oompoond  has  better  claims  to  a  di£fecent  interpfetaticn. 


Ilie  Carbonates  of  Ammonia. 


I. 

2. 


3 
4 

5 


8. 


ZR\  ZHM'O'     Ammona  amida  carbete. 
ZH*,  ZH*,CO*     AramoTi  i  ammona  cnrhitp. 


JZH*,  ZH*,CO*  )  Anuiiona  ammona  carbite  cum  ammona 
(ZH*,  ZH«,CO"  I 


aTiiida  carhcte. 
Hydia  ammona  carbite. 


H,  ZH*,CO' 
fH,  ZH*,CO^ 
ZH*,00« 
tZH«,  ZH»,00» 
fZH«,  ZH*,C!0» 
ZH*,  ZH*,CO» 
6.  .jZFI*,  ZII*,CO»  ' 
H,  ZH*,CO' 
iH,     ZH*,C  0^ 
'Zn\  ZH*,(T)»  1 

ZH*,^ 
ZH*,00» 
ZH*CO« 

yAi\c(y 

ZH\CO=' 
ZH\00» 
(aHHO) 

9*  1^^^*  ^^Sq^}  Hydra  ammona  carbite  demi-aquate. 

4(H,  ^^^'^^^1  Tetiakis  hydra  ammona  carbite  cmn  aquate. 

iona  ammona  carbite  hexukis  hydra 
ammona  cflrbite.cam  aqaate. 

Hi  CO*  I  ()<:t>I°^^J^*°^>>a<^UteGi]mc8rbete 

2(HH0)J  '^^^ 

[In  the  above  table,  H  »  i,  O  a  i6,  C  s  la,  Z  s  14.] 

2  a2 


Bis  hydra  ammona  carbite  com  anunona 
amida  carbete» 


Tiis  ammona  ammona  carbite  bis  hydra 
ammona  carbite. 


Bis  ammo?Ta  ammona  carbite  bis  hydra 
ammuua  carbite  cmn  ammona  amida 
carbete. 


Ammona  ammona  carbite  bis  hydra  am- 
mona  carbite  cmn  aquete. 


10. 


[ZH^  zn*,vxr  ]  . 

\  5(HH0^J 
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These  carbonates  of  ammonia  are  all  described,  after  the  researches  of 
HeinriGh  Rose,  in  Gmelin's  Handbook  of  Chemistry y  vol.  ii.  pages 
430  to  435*  In  Gmelin's  formula^,  C  =  6  and  0  =  8.  The  difimioe 
bet\\'cen  these  atomic  weights  and  those  which  I  Iiave  adopted*  canses 
great  differences  to  app  :ir  if?  the  forraulflp  of  the  salts. 

The  salt  No.  i]  =  Zii\ZH*,CO*  is  produced  when  carlwriic  acid  gas 
and  ammonia  gas  act  upon  one  another.  In  whatever  proportions  they 
are  mixe<l,  t)iey  always  combine  and  condeus«j  in  the  proportions  of  two 
volumes  (1  (  arlx,)ni(  acid  =  i  atom  CO*  and  four  vohimfs  of  ammonia 
=  2  atoms  or  Zii-il  4-  Zli'il.  This  compound  is  noticed  m  ihe  Table 
at  p.  50  as  the  hypothetical  carbamate  of  ammonia.  The  atomic  measure 
18  six  ▼olumes,  which  is  the  measure  of  its  component  g^ses.  Gmelin  calls 
this  salt  anhjdioas  moncnaurbonate  of  amnion  »  NH*,0(A  Oerhardt 
says  of  this  salt,  that  the  density  of  its  vapour  has  been  found 
equal  to  0*9,  Bineau,  or  to  0'89929  Bote^  and  that»  consequently,  the 
formula  C*0*2NH^  corresponds  to  eight  volumes,  like  those  of 
cyanhydrate,  sulphhydrate,  and  chkurhydrate  of  animdbia,"  DraUi  ds 
Chimiey  i.  196.  This  is,  however,  a  mistake;  the  measure  is  six,  not 
eight,  v(>]mn«  <,  and  it  disagrees  with  the  measure  of  the  other  gaseous 
salts  of  ammonia.    See  jiages  50  and  99. 

The  salt,  No.  i],  may  be  conceived  ti»  he  formed  from  the  neutnil 
carbonate  of  ammonia,  jNo.  aj,  by  the  aUstraction  of  an  atom  of  HHO, 
thus ; 

(ZH*0  ^  ZH*0  -h  CO)  -  HHO  =  ZH^O  4-  ZH*CO. 

2].  =  ZH^ZH^CO'.  This  is  the  neutral  carbonate  of  ammonia.  It 
is  produced  when  the  salt  No.  X  is  dissolved  in  water : 

ZH*,ZH«,CO«  +  HHO  =  ZH*,ZH*,CO». 

But  it  cannot  be  procured  in  the  solid  stite.  When  the  aqueous 
solution  is  evaporated,  ammonia  =  ZH*U  before  the  salt 

crv.<:tallises,  and  a  iivire  acid  product  is  left. 

3].  ZH^ZH^(:(i♦  +  ZH*,ZH«,CO*.  TMs  is  Gmelin's  hydrated  mono- 
carbonate  of  ammonia  =  2NH%HO,2CO«,  or  KH^CO^ -f  NH*,HO,CO*. 
"  It  is  crystalline,  it  mav  ))e  sublimed  without  change  in  composition; 
but  if  it  is  dissolved  in  wat^r,  it  cannot  he  rtrcovered  fn^m  tlie  solution  ; 
because,  even  at  (jnlinarv  temj>eratures  in  vacuo,  anmiouia  is  disengaged 
from  it,  and  an  acid  salt  is  obuiined.'*  (rme/tn.  I  consider  the  solution 
to  contain  the  salt.  No.  2],  because 

ZH*,ZH*  Q(y  ] 

ZH^ZH^CO*  +  HHOJ  ^  2(ZH*,ZH*,C0*). 

4].  H,ZH^OO'.  This  salt  is  Gmelin*s  bicarbonate  of  ammonia  with 
two  atoms  of  water  «  KIPJIO.CO*  +  H0,C0V  A  crystalline  salt^ 
lass  soluble  and  less  volatile  than  the  neutral  salt  No.  2]. 
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Of  ooQise,  No.  a  and  Na  4  are  the  two  normal  carboziateB  of  ammo- 
Bimiu  All  the  other  salts  in  toe  Table  are  modifications  or  combinations 
of  these  two. 

5].  a(H,ZH^(X)*)  +  ZH%ZH*,00*.   A  compoond  of  two  atoms  of 

the  bicarbonate  of  ammonium  No.  4],  and  one  atom  of  the  amidogen 
aalt  Nob  i].  This  is  Gmelin's  sesqaicarbooate  of  ammonia  with  two 
atoms  of  water  =  2NIP,2lIO,2CO»,  or  acowding  to  Rose,  NH*,CO» 
4-  NlP,aCO",2HO.  It  is  the  carbonate  of  ammonia  of  commerce.  When 
the  vaponr  of  anhydrous  sulphuric  acid  is  passed  over  this  salt,  carbonic 
add  gas  is  disengaged,  and  ordinaiy  sulphate  of  ammonia  is  produced* 


{ 


H,  ZH*,CCn 
H,  ZH*  (Xy 
ZH*^H*00» 

s.so» 

S,SO»J 


fZH*,SO«\ 
ZH^SO•l 
<ZH\SOT 
ZH*.SO"J 


*'  The  salt  effloresces  in  the  air,  forming  a  friable  mass  of  bicarbonate 
of  ammoniat  while  anhydroos  oarbonate  of  ammon  sublimes."  Mob$, 
Thus: 

h|zH*!cO«1  =  iSfo*'^!  +  ZHSZIP,(». 

No.  5]       a  No.  4]      -f  No.  i]. 

When  the  sesquicarbonate  No.  5]  is  actcil  upon  with  small  quantities  of 
water,  neutral  carbonate  of  ammonia  is  first  dissolved,  and  bicai"bonate 
is  left  undissolved.  By  the  action  of  successive  small  doses  of  water,  a 
aeries  of  solutions  are  obtained  which  difier  in  their  tdative  contents  of 
mooocarbonate  and  bicarbonate  of  ammonia.  If,  on  the  other  hand,  the 
salt  is  dissolved  in  a  large  quantity  of  water,  and  the  solution  is  heated* 
GarboDic  add  is  disengaged,  and  the  proportion  of  monocarbonate  of 
ammonia  is  increased.  The  instability  of  these  two  salts,  both  in 
aqaeoas  solution  and  when  exposed  to  air,  gives  origin  to  a  great 
variety  of  mixtures. 

6].  3(ZH*,ZH*,CO)  +  a(H,ZH*,C0^).  A  compound  of  three  atoms 
of  neutral  carbonate  of  ammonia  No.  2]  with  two  atoms  of  bicarbonate 
No.  4].  Gmelin's  five-fourths  carbonate  of  ammonia  with  five  atoms  of 
water  =  4NH*,5CO',5UO.  Sublimes  when  the  salt  No.  $]  is  slowly 
heat'^'<!. 

7].  2(ZH*,ZH*,CO^)-f-2(H,ZH\CO0-f  ZH*,ZHV:0«.  Composeil 
of  two  atoms  of  No.  2],  two  atoms  of  No.  4],  and  one  atom  of  No.  l]. 
Gmelin*s  five-fourths  carbonate  of  ammonia  with  four  atoms  of  water 
=  4NH»,5CO»,4HO,  or  2(NHMiO,CO*)  4.  2NH»,2HO,3CO" ;  or,  ac- 
cording  to  H.  Rose,  3(NIP,C(:>')  -f  NH*0,2C0*,  Produced  by  the 
same  process  as  No.  6J.  There  is,  according  to  Rose,  another  salt, 
wliich  contains  12  atoms  of  water. 


3^8 


THE  CARBONATfiB  OF  AHMO^U. 


6].  ZH*,ZH*,CO»+  aCH^ZH^.CO")  +  2Aq.  A  compcmnd  of  one 
atom  of  neutzal  carbonate  Na  a],  two  atoms  cSffaicaiboiiate  No.  4],  and 
two  atama  of  water.  Gmelin's  sefiquicarbooate  of  ainnioiiia  with  five 
atoms  of  water  b  2NH»,  300',  5HO. 

When  the  se8qiiicarl)«  >n:ite  No.  5]  ia  in  solntion  in  water,  it  may  be 
considered  to  be  constitiitcd  i\s  follows:  a(H,ZH*,CO*)  +  ZH*,ZH*,00». 

9].  2fH,ZH*,C0^)  +  A((. 

loj.  4(^iI,ZH\C(>')4.  Aq. 

The  bicai  boQate  of  ammonia  Ko.  4]  combined  with  a  Utile  water  of 
ciystallisation. 

11].  ZH^.ZH^.CCP -f-  6(H,ZH*,CO»)  4-  5A(i.  A  compound  of  six 
atoms  of  bicarbonate  of  umnionia  with  one  atom  of  neutral  carbonate  and 
fire  atoms  of  water,  6melin*s  seven-foortbs  carbonate  of  ammonia 
sr  4NIP,  700*,  laHO,  or  probably  -  Nff,HO,00*  +  3(NBP,H0, 
aOO*)  +  8H0. 

I  aj.  8(H,ZH*,CX)»)  +  CO"  +  a Aq. 

Eight  atoms  of  bicarbonate  of  ammonia  with  one  atxun  of  carbonic 
add  and  two  atoms  of  water.  Gmelin's  nine-fourths  carbonate  of 
ammonia  =  4NH',9CC)*,ioHO.  Produced  by  evaporating  the  salt 
No.  5]  over  oil  of  vitriol  in  vaaio.    Probably  only  a  mixture. 

It  appears  from  this  investigation  that  the  carbonates  of  ammonia 
when  in  sohitioa  in  water  consist  of  the  neutral  carbonato  No.  2]  or  the 
bicaibonate  No.  4],  or  mixtures  of  these  two  normal  tsulta ;  that  the 
8es<^uicarl>onate  Ko,  5]  wiien  in  solution  contains  two  atoms  of  bicar- 
bonate and  one  atom  of  neutral  carbonate,  and  tliat  tiie  various  salts 
upon  being  cr}'stallised  take  up  water,  and  when  sublimed  loee  water, 
and  are  partly  changed  into  amidpgen  salts.  The  instability  of  die 
(Carbonates  of  ammonia^  and  their  great  tendency  to  combine  with  one 
another,  give  rise  to  a  series  of  complicated  formoke;  bnt  the  theory 
of  their  constitution  is  vecy  simple. 

The  practice  of  re])rGsenting  multiple  salts  as  containing  all  their 
bases  in  a  clumps  directly  oombined  with  all  their  acids  in  another  clump, 
is  one  of  those  vicious  practices  grown  out  of  the  theory  of  *'  acids" 
and  *'  bas^s,"  which  have  produced  great  confusion  in  chemical  theori^ 
and  mucii  impeded  tiie  progress  of  niLMnic  cliemistr'^'.  "Wliile  the 
carbonates  of  ammonia  may  all  be  represented  as  multiple  saiu^  contiin- 
ing  the  neutral  carbonate,  the  biairbouate,  and  the  amidogen  saltx^'o.  i], 
1. 1'.  the  s()-called  carl>amate,  we  find  Gmelin  representing  them  by  such 
formulae  as  these : 

aNH*^- IH0  4.2C0"  4NH»-f-  4HO-f500". 

2NH» -f.  2HO  +  3CT)«  2KH»4-  5H0  +  30O«. 

4NH»  +  5HO  +  5(X)"  4NH»  +  loHO  -f  91 

1  4NH''+iaHO  +  700». 

These  formute  show  us  the  mataiak  with  which  the  salts  are  prepared, 
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or  tlie  products  which  result  ton  ihax  deoompofl&tioii,  hat  do  power  of 
belief  in  the  truth  of  the  doctrine  of  oombination  in  multiple  proportioiis 
can  give  plansibiHty  to  the  notion  that  we  have  here  before  m  true 
xepiesentations  of  the  proximate  constitution  of  the  different  carbonates 
cf  ammonia  to  which  these  formnle  xefisr. 


The  Carbamates. 

If  we  sup]  )H  the  neutral  carbonate  of  ammonia  No.  2]  =  ZII*,ZH\ 
CO*,  to  Ixi  depriv(xl  of  an  atom  of  water,  we  have  im  the  re.sult  the 
c:on:ijiMund  ZH*,ZH*,CO*,  which  I  have  described  as  No.  l]  of  the 
carLuiiates  ui  aiiunuiii  u  If  we  sup}:K)se  the  salt  to  be  deprived  of  a 
second  atom  of  water,  it  is  then  reduce<]  to  ZH\ZIi*,00,  whieii  is  equal 
to  ZH*,CNO,  the  last  of  these  formulai  representing  cvanate  of 
ammonia,  and  the  pecediug  one  carbamide,  both  of  which  compounds 
have  been  already  fbllj  diamaed  at  pages  221  and  338. 

If,  on  the  other  hand,  we  suppose  an  atom  of  water  to  be  abatrrkcted 
from  an  atom  of  bicarbonate  c£  ammonia,  the  resulting  product  is 
H,ZH*,00';  since 

H,ZH*,CO'  -  HHO  =  H,ZH«,CO«. 

This  product  does  not  appear  among  the  many  carbooates  of  ammonia, 
nor  has  it  been  produced  by  any  experiment  whatever.  Nevertheless 
it  forms  an  imaginary  acid,  which  chemists  have  agreed  to  call  Car- 
hamic  and,  and  in  which  it  is  ass-umed  that  the  amidogen  and  the 
carlx)nic  acid  form  together  a  conjugated  acid  which  is  in  combination 
with  a  replaceable  atom  of  biLsic  hydrogen  =  H'  4*  ZH*,CO",  or 
H'O  +  ZH',CO.  According  to  tliis  theory,  when  H'  is  replaced  bv  a 
basic  radical,  we  have  a  Carbamate^  of  which  kind  of  salt  the  Ibllowing 
may  serve  as  examples : 

ZH\ZH*,CO'  =  Carbamate  of  ammonia. 

C  ]V  ,ZH*,CO»  =  Carbamate  of  methyl,  or  urethyjane. 

C*H^ZH^CO•  =  Carbamate  of  ethyl,  or  methane. 

C^H^^ZH*,CO'  ~  Carbamate  of  amyl,  or  amylurethane. 

C*H*,ZH%CO'  »  Carbamate  of  bn^l,  or  bntylic  orethane. 

The  view  whidi  it  seems  necessary  to  take  of  these  salts,  if  we  letaip 
the  idea  of  the  enatenoe  of  carbamates,  is,  that  they  are  direct 
oompomids  of  oxamide  with  oxides  of  the  positive  radicals.  Thus : 
ZB*0  +  7SHX>,  and  CH^+  Z£PGO.    That  appears  to  be  not 

an  imlikely  ompositton  for  the  carbamate  of  ammonia,  described  above 
as  Na  I  of  the  carbonates  of  ammonia ;  but  as  resped^  the  other  salts, 
where  we  have  no  second  atom  of  azote  to  deal  with,  this  compositioa 
seems  to  be  less  probable  than  thatof  teibasic  cjvnatea,  and  I  have  ao» 
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oordingly  incladed  the  above  four  urethanes  among  the  terbesicGyaiiates: 

see  Nos.  14,  17,  19,  and  20  in  that  series.  This  operation  aiables 
us  to  disponso  with  tlie  hypothetical  carbamic  acid,  wiiich,  having  the 
theoretical  composition  of  one  atom  of  ammonia  combined  with  one 
atom  of  carbonic  acid,  will  probably  never  be  produced,  for  the 
same  reason  that  it  is  impossible  to  form  the  terhasic  cyanic  arid.  Sec 
page  348.  Even  the  (^rbamate  of  ammonia  can  l>e  represented  as  a 
probable  member  of  the  giou]i  of  terbasic  cvanates,  as  I  have  shown  At 
ISo.  26  in  that  series ;  ZH^ZH^CO«  =  H,ii,ZH* ;  C^G". 

The  Ureides. 

t.  ZW,(fR*;  CyO^  •  «  •   »  Acetyhm  cyanete. 

a.  ZBP.CHT;  C^O^  .   •   .    .  Butyrylam  cyanele, 

^.  ZIP,CH*;  CyO'  »   •   *  «  Valerykm  cyaDete. 

4.  ZH*,<7H*;  CyO*  ....  Bouylam  cyanete. 

BlAMIDOBEMZOIC  AciD. 

5.  ZU'^CU';  GyO*  ....   Pheoylam  eyanete. 

The  ureides  differ  £rom  the  compound  ureas  by  containing  two  atoms 
of  oxygen  inatead  of  one  atom.  That  ia  the  maiii  dififerace.  The 
ureides  all  contain  acid  ladicala  in  their  anunonionis.  The  ureas  some- 
times oontatn  acid  radicals,  but  in  jeeneral  they  contain  basic  radicaSfc 
According  to  Miller  (^J^ments  of  uhenMry^  iii.  617),  the  ureides  sie 

salts  of  area  fitMU  which  the  elements  of  water  ha^e  been  abstncled^ 
but  if  we  look  at  the  salts  of  urea  formnlated  in  the  Table  at  U3, 
Noa.  19  to  27,  we  shall  be  puzzled  to  find  a  single  example  of  a  salt  of 
tirea,  which  is  convertible  into  a  oreide  by  the  abstractkm  of  the 
elements  of  water.  Indeed,  as  every  nreide  ia  eqaiyaient  to  an  eotire 
oomponnd  urea  +  0\  it  is  evidently  impossible  to  convert  a  oompomd 
urea  into  a  ureide  by  abstracting  from  it  the  elements  of  water. 

The  ureides  No.  i  to  No.  4  were  formc^l  by  Zinin  and  Moideulttaar 
by  acting  on  urea  with  oxydUorides  of  acid  radicals.   Thus ; 

ZH*.CyO  +  <?IP,aO  =  Zff.CflP;  CyO^  +  HCL 
Amminia  .  Aoeljla         Aoetylam      ,  Hydra 
cyanate.       chlorate.  ^      cyanate.  *^ch]onL 

Kos.  2,  3,  and  4  were  formed  in  the  same  manner. 

Arrording  to  this  view  of  the  composition  of  the  ureides,  they  are 
Monulvi-ic  Cyanetes,  which  form  a  remarkable  contrast  with  tlie 
Terbasic  Cyanetes;  there  being  to  tlie  same  quantity  of  cyanogen  ojm- 
bined  with  the  same  quantity  of  oxygen,  in  the  salts  of  one  series,  one 
basic  radiail,  and  in  those  of  tlie  other  series  three  basic  radicals : 

M,M,M;CyO*  «  Terbasic  cyanate.  |  ZH^;  CyO*  s  Uzeide. 
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l].  Acetiirdde   ==  IP,  r^HW.\-WM 
2  .  Butvrurdde  =  H», 
3j.  Valeruroide  =  H^C'W(>',^^*e'0«[ 
4  Benzureide   =  H»,C"H*0«,^'«C»0*J 


Gerliardt*8  DameB  are — i],  Aoetyl^nrea;  2],  Butvryl-urea ;  3I  Vale^ 
ryUirea;  4],  BeDzojl-urea.  He  gives  two  sets  of  fomralie,  both  in 
tome  iv.  of  his  IMtS  de  Chimk* 


At  page  765. 

f  CO 
f  00 

a].   <?H'»N"0*  =  KMC*H'0 

I  H» 

CO 

w 


3].  cwwa* 


4].  CTCNW 


f  CO 
N*^C^*0 
(IP 


At  page  885. 


2].  e^H'^NXy  = 


NCylPO  1 


3].  0«HW  =  ^i^} 


4].  (?*Braro* 


NCylPO  \ 


Two  authors  thus  supply  us  with  five  fomiulfR  for  each  of  the  iirpidps. 
We  have  the  clump  fonnulfe,  botli  witli  large  and  with  small  atoms  of 
C  and  O ;  we  have  the  model  of  water,  including  in  each  exani])le  the 
impossible-ainraoniuni  NCyH*;  we  have  the  double  type  ammonia;  and 
(iDally,  we  have  a  series  of  formulae  ibrmed  according  to  no  type  and 
after  no  model. 

Gerhardt  quotes  the  following  deoompositiooa  by  beat  as  iilastiatUig 
the  oompoaition  of  these  oompounds : 


Acetyl-ttiea. 


«  CfffCf  + 
a  CjranTiric  add.  + 


Acetamide. 


f  CO 


3N«{C*H^ 

Acetyl-urea, 

Bcnxoyl-tuea. 


Cyannric  acid. 

=  C/HW  + 
s  C^Qiicadd.  -|- 


Acetamide. 

7C"H^^0^. 
Beniamide. 


Digitized  by 


362  THE  ALLOPHAXATES. — TETEABASIC  CYANATE8. 


Aooording  to  the  radical  theoiy,  these  deoompoaitioiis  can  be  repie- 
aetited  in  a  &r  simpler  manner : 

ZH»,(?H»;  CyO*       »       H,CylO       +    ZH,CH^  II. 
Acetylam  cyanete        =  Hydra  cyanylate  +  Acetylac  hydra. 

ZH",(7H» ;  CvO»       =       H,CylO       +    ZH,Cm*;  H. 
Benzylam  cyaoete       =  Hydra  cyanylate  -|~  Benfylac  hydra. 

The  BuwDOBENZOio  AciD^  which  I  have  marksed  as  Na  5  in  the 
Table  of  Ureidtt: 

=  Zff.CTH*;  CyO"   Phenylam  cyanete, 

has  been  formulated  in  ihia  wmk  at  No.  472,  page  254,  as  a  nitrete 
B  ZH',(yH^ ;  NO*,  See  the  notice  of  tlie  componnd  and  reference 
made  to  the  discoverer's  memoir.  The  formula  given  by  him  is 
C"H*(NH*)*0*,  which  signifies  nothing,  and  which  is  capable  of  so  many 
r^-nrriinrfpmonts,  that,  iii  th»^  al).sonce  of  a  more  extended  account  of  the 
chemical  n  actiDns  of  the  couipuuiid  than  he  has  yet  given,  one  can  settle 
it  nowhere  w  ith  certaintr.  It  is  only  certain,  thut  tlie  substance  has  no 
claim  to  the  character  of  an  acid.  It'  it  contain'^  i  mzyl,  it  is  probably  a 
nitrete.    If  it  contains  phenyl,  it  is  more  iiively  a  monobasic  cyanete. 


The  Aiioplianates. — Tetrabasic  CyanateB. 

In  accounting  for  the  com]K).sition  of  the  different  kinds  of  phosphates, 
I  have  shown  (page  139)  that  what  ai'e  termed  hUxisic  phosphates  are 
compounds  of  monobasic  phosphates  with  tribasic  phosphates,  and  that 
they  therefore  contain  four  bamc  radicals  and  two  add  radicals.  In  the 
same  way,  olher  tribasic  salts  combine  with  their  oonesponding  mono* 
basic  saltSi  and  prodnoe  oomponnds«  each  of  whicfat  like  the  tribasie 
phosphates,  contains  four  basic  and  two  add  radicals,  and  which  may  be 
called  either  bibasic  or  tetrabasic  salts,  according  as  we  qpeak  in  reference 
to  one  or  to  two  atoms  of  their  respective  acids. 

Among  the  acids  which  prcKluce  double  salts  of  this  description,  I 
think  we  mav  place  the  cyanic  acid.  The  compounds  to  be  cited  in 
evidence  of  the  pro|)riety  of  this  suggestion  are  not  very  numerous,  but 
it  is  probable  that  their  number  will  s|xi^<iily  increase  if  this  suggestion 
is  found  t/)  )>ear  luiiujured  that  strict  examination,  whicil  all  suggestions 
of  this  dosvnplion  tu-e  foredoomed  to  midergo. 

The  structure  of  a  tetrabasic  cyanate  may  be  showTi  thus ; 

AnalyticAl  fommla.  Synoptical  foiiDiila. 
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The  stxoDgest  objection  to  this  theory  exists  in  the  hct  that,  in  the  pre- 
sence of  max  positive  radicals,  the  tvro  atoms  of  azote  might  be  expected 
to  produce  two  amidpgens,  and  leave  the  carbon  to  take  np  the  cnygen. 
The  above  oomponnd  would  then  assume  the  £^owing  foim : 

J      ZH«;CO  1 

IZH.C*H*;  COO  f 

This  is  an  amidogen  salt,  agreeing  to  a  certain  extent  %vith  the  oxaraates 
described  at  page  226,  but  differing  from  those  salts  by  having  a  vice- 
ammon  instead  of  a  non-azotisod  radical  in  the  oxalate,  which,  however, 
is  a  diflerence  wliich  renders  tlie  existeuce  of  such  an  amidogen  salt  im- 
probable. 

Table  of  AUopIianates. 

1.  IT,H.H,CT[*  ;  C)«0*  .  .  .  Hydrine  ethyla  cvanenite. 

2.  H,H,H,CH*  ;  Cy*0»  •  .  .  Hydrine  niethyla'cyanonite. 

3.  H,H,H,C*H";  Cy*0*  •  •  .  Hydrine  amy  la  cyauenite. 

4.  H,H,U,Ba    ;  Cy*Q^  •  •  •  Hydnue  baryta  cyanenite. 

Biuret. 

5.  H*H,HtZH*  ;  Cj*0^  •   •   .   Hydrine  ammona  cyanenite. 

The  first  four  of  the  salts  in  this  Table  have  received  a  v.uiety  of 
names,  but  at  present  they  are  called  Allophanates.  The  last-nained  salt 
is  called  Biuret,  or  bicyanate  of  ammonia. 

i].  H*»CfIP;  Cy'C.  This  salt  is  produced  when  iihe  vapour  of 
hydraied  tyvae  add  is  passed  into  alcohol  or  ether : 

H,CNO  +  H,CNO  +  H,C"HU 

Discovered  bj  Lidbig  in  1846,  It  was  originally  called  the  Ureo-car- 
booote  of  ethyl,  and  was  assumed  to  contain  the  ureo-carbonic  add, 
which  Qmelin  (Handbook,  vii.  377)  describes  as  OAdS^^iCXf  a 
ON'HX)^.  No  such  add  is  known,  and  subsequently  Liebig  and 
Wdhler  ascribed  to  this  salt  the  nanie  of  AUophanate  of  ethyl,  or  Allo- 
phanic  otli  r,  which  it  still  lx»ars.  Gmelin*8  fomnila  for  it  is  C®N*H"0* 
«  C*H*0,C*N*H*0».  Gerhardt  8  formula  is  C*HXOH*)N*0*.  When 
deoomposed  by  Iieat,  the  allophanic  ether  produces  aioohoi  and  cjanuric 
add :  IP,C»H^ ;  Cy*0»  =  H,C«H*0  -h  2HCylO. 

The  Allophanic  Acid,  which  is  assumed  to  I30  present  in  this  salt,  but 
whidi  has  no  separate  existence,  has  these  fonnuls  assigned  to  it ; 
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iTo,c«iPN»o«,c*o»,  miw, 

NH*CO .  C0\  HCCC^NHO*),  Bofi 

There  appeus  ta  me  to  be  Utde  probability  of  trudi  in  any  of  tiieae 
asnuDptioDS.  The  noD-lsolation  of  aUophanic  add  has  been  aoooonted 
for  by  asgqming  that  when  it  is  separated  from  its  salts  by  a  stiooger 
add,  it  immediately  deooiDpoaes  into  carbonic  add  and  urea.  I  shall 
esamine  tliis  (fxjilanation  in  t!ie  note  to  the  barytic  salt,  No.  4]. 

2].  H»,CH^  Oy\f,  Tliis  compoiuui  is  formed  by  passing  the 
Tiqpoar  of  hydiated  cyanic  acid  into  pure  wood  spirit : 

H.CyO  +  H.CyO  +  H.CH'O. 

Discovered  by  Richaril>on  in  18J7;  then  called  Ureocarbonate  of 
methyl,  and  afrorwanis  ailK-d  Allophanate  of  methyl  The  theory  is  the 
same  as  tliat  ot  die  last  example. 

3].  H*,G*H";  Cy*0*.  FornuHl  in  the  same  manner  as  the  preceding 
salts,  by  passing  the  vapour  of  cyanic  acid  into  hydrated  oxide  of 
amyle  i 

H,C)'0  +  H,C>0  -f  U,C*H»0, 

When  heated,  it  £iUs  into  its  ocighial  coostitQeiitB,  save  that  the  cyanic 
acid  becomes  cyanuric  acid, 

4].  H'"*,Ba;  Cy*0".  This  salt  is  produced  by  acting  on  a  solution  of 
aUophanic  ether,  Na  i],  by  a  cold  solution  of  hydnte  of  baiytes : 

No.  x]    m  H»,C^»;  Cy«0^  1      f  EP,Ba;  CyV  «  No.  4]. 
Baiytic  water     Ba;  HO   f  *°  t  ^0    »  Alcohol 

When  the  solution  of  the  barytic  salt  No.  4]  is  heated,  the  products  are 
aa  follow: 

'h^O     J       I     ™;gg}  =  Urea,  a  atoms. 

t 

When  tlio  liarvtic  salt  is  actcHl  on  by  a  strong  acid,  it  disoncracro*^  car- 
bonic acid  with  brisk  clicrvcscence,  and  produces  urea.  2seitliei"  ammonia 
nor  £ree  cyanic  acid  are  disengaged : 


y\  I       Ba,CNO  ]  ( 
H.SOO  J  I 


Bi\,SOO 


This  decompoaitioii  is  quite  in  aooordance  with  the  general  action  of 

hydrated  sulphnric  acid  upon  the  cyanates. 

It  is  commonly  stilted  tiiat,  when  aUophanic  acid  is  separated  from  its 
salts  by  a  strongq:  add,  it  cannot  be  retained  in  an  isolated  state,  because 
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it  hii6  tlie  property  of  immediately  decomposing  into  cai-bouic  acki  and 
urea.  The  tefeo^  of  allophanic  acid  is  formed  on  certain  properties  be- 
longing in  part  to  anunonia,  and  iki  part  to  cyanic  add«  The  hydrated 
aUophasuc  add,  oorrespoiiding  to  the  aDophanatea  deacribed  in  the  above 
Table,  ahouM  bave  the  fbmrak  H,H,HJl ;  Cy*0*.  It  is  wsj  to  fbreaee 
what  moat  occur  if  this  add  was  set  £ree  in  an  aqueous  solution  by  the 
action  of  hydrated  sulphuric  add  on  the  boiytic  aalt  Ko.  4],  I  will  put 
the  reaction  into  the  iona  of  an  equation : 

H\Ba;Cv«0*)       fH*;  C7W 
H;  S  0«f       IBa;  S  0« 

That  ia  the  firat  reaction.  Bat  the  feUowing  woold  immediately 
IqUows 

H*,CyW  «  ZWfijO  +  00«. 

The  solution  would  thon  he  reatl}-  to  suffer  any  of  the  reactions  described 
under  the  article  relutiug  to  the  ureas. 

It  is  evident,  throughout  these  reactions,  that  we  have  to  deal  witli 
aalta  of  cyanic  add,  and  with  nothing  else,  and  that  there  is  no  evidence 
of  the  existence  of  an  allophanic  add  answeiinff  to  any  of  the  six  ibnnuls 
which  I  haye  dted  above  from  the  writings  of  difoent  chemists. 

5].  H*,ZH^;  GyW.  This  oomponnd,  commonly  called  Biuret*  and 
somotimea  Bicyanate  of  ammonia,  has  not  been  included  in  the  hst  of 
Alle  phnnatos.  Miller  gfives  it  these  two  formuJie;  C*H*NH>*,  aAq  = 
HO,H*2^0,  iCyOf  2  aq.  It  is  prepared  by  keeping  urea  for  some  time  in 
a  melted  state  at  the  temperature  of  300^.  There  is  a  aimoltaneona 
prodnrtioii  of  ammonia,  cyanuric  acid,  and  melanuric  acid. 

Wlien  the  salt  No.  5]  is  strongly  heated,  it  is  deoomposed  into 
ammonia,  cyanuric  acid,  and  water : 

H',2H*;Cy»0' «    aH,CyIO    +  ZWB   +  HHO. 
Bitiret       s  Cyanuric  add  +  Ammonia  4-  Water* 


With  tliii.  section,  I  close  my  inquiry  into  the  Theorj'  of  the  Azotic 
Radicals. 
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Tlie  Doctrine  of  Polyatomic  Alcohols. 

The  doctrine  of  poljatomic  alcohols  is  fbcmded  upon  the  properties  of 
a  aabatanoe  described  bjr  M.  Wtirtz  (CompUs  Benebu^  Jolj,  1856) 
under  the  name  of  g^fcolf  and  upon  those  of  some  compounds  of  glycerin 
which  have  been  inveBtigated  by  M.  Berthelot  (Ann.  de  Chimiet  m.»  zli. 
216).  The  }x)Iyatoniic  alcohols  are  said  to  possess  the  propertieB  of 
uniatomic  alcohols,  but  to  have  the  power  of  combining  with  more  than 
one  equivalent  of  acid.  Glycol  is  calkHj  a  Biatomic  alcohol  and  glycerin 
a  Teratomic  alcohol,  l^mffws/^r  I^Iiller,  the  Pre.sident  of  the  Chemical 
Societ}',  in  bi^  Annual  Address  to  tliat  bodv  in  INIarch,  1857,  described 
**  Wuui2s  brilliant  discovery  of  Urn  tiiafi'iutr  alcoMst  of  vhich  gl'rol  is 
the  type"  as  one  of  the  chemical  rabiha  of  the  past  year.  I  aiii 
tliereforu  bound  to  iiotico  this  new  and  iinportaut  doctrine. 


0* 


Glycol,  the  Biatomic  Alcohol. 

Ac<  fM(!iri^  to  M.  Wurtz  (loc,  cit.)^  l rl  \  <  ol  is  prepared  by  actii)tj^  on 
the  i<Miide  of  eth}  lene,  C*H*I*  (the  iodjsed  a)m|X>und  corresjxtiuiuig  to 
Dutch  liquid)  by  dry  acetate  of  silver;  one  e(|uival<>iit  of  the  lbrm«'r  to 
two  equivalents  of  the  latter.  Theic  is  a  tlisengageaitnt  of  airlx>hic 
acid  gas  and  olefiaut  gas;  iodide  of  silver  is  formed,  and  the  resulting 
mixture  is  submitted  to  distillation.  The  product  then  obtained  is 
called  by  Wtirtz  the  dktotMU  of  glycol,  and  ia  said  to  result  ixom  the 
leaction  depicted  in  the  foUowing  cc^uation : 

C*H*P+a(    ^  0»)  =  jAgI+  CrH»0«^ 

Iodide  of  A  rotate  Iodide  of  Binacetiite 
ethylene.     of  silver.       silver.  of  glyooL 

[In  this  equation,  C  s  6,  O  =  6.] 

Before  proceeding  ftrther  with  my  notes  from  M.  WnrtE,  let  me 
draw  the  readei^s  attention  to  the  ftct  that  ereiy  article  in  this  equation 
is  quoted  in  doutU  proportions.  We  ma^  asK»  why  are  these  double 
quantities  neceasary  ?  Why  not  make  use  of  single  proportions?  We 
na?e  no  evidence  that  iodi  le  of  ethylene  is  constituted  thus:  C'H*!'. 
It  may  be  ibimed  thus :  C^H'I.  In  chemistry,  what  is  true  of  doable 
proportions  ought  to  be  true  of  single  proportions  ;  for  natxin'  acts  the 
same  upon  grains  ;is  iqx)n  tons.  I  will  reduce  the  ingredients  that  are 
named  in  the  above  equation  uniformly  to  single  ]  )ropnrtions,  correct  the 
at'.mic  weights  of  C  and  O,  and  put  the  ecjiiation  into  tlie  form  that  I 
iiuve  couuuunly  used  tliroughout  this  volume.    It  then  reads  thus : 
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CHM  +  Ag,OTW  s  AgJ[  -I-  CH«,CBW. 
Vinyk      Aig^te     Aigmte  Vinyla 
ioda.      aoetylete.       ioda.  aoetylete. 

This  simple  operation  prodaoea  a  magicat  effect.  The  glycol  vaniahes! 
Instead  of  binaoetate  of  diatomic  glycol,  we  see  only  neatnl  acetate  of 
imiatomic  vinyl 

When  a  uniform  rednction  in  the  qoantities  of  all  the  ingredients 
oonoemed  in  a  chemical  reactioii  makes  a  fundamental  change  in  the 
nature  of  the  products— other  conditions  being  alike — ^the  reactioa  is 
one  that  demands  a  careful  investigation.    We  cannot  place  unexplained 

mysteries  i?i  the  rank  of  established  truths.  It  would  be  a  new  axiom 
in  philosophical  chemistry  to  assume  that  Nature,  ojx^rating  upon  200 
grains  of  a  mixture,  produces  other  results  than  when  it  o|)erates  ujx)n 
lOO  grains;  that  when  it  acts  upon  two  atoms  of  a  mixture,  the 
products  are  not  the  same  as  when  it  act.s  upm  one  atom.  We  must 
make  a  clear  distinction  between  effects  that  are  produced  by  natural 
Operations  and  those  which  arise  from  the  management  of  figures 
arranged  in  equations. 

I  return  to  M.  Wurtz:  **If  it  is  true  that  this  body  [t.e.  the 
binacetate  of  glycol]  contains  the  elements  of  two  equivalents  of  acetic 
add,  or,  if  you  please,  two  equivalents  of  the  racUcal  acetyle  [i,  e,  C*H"0*], 
as  indicated  by  the  formula,  it  is  evident  that*  when  it  is  decomposed 
by  the  agency  of  alkalies,  it  ought  to  give  two  equivalents  of  acetic  acid 
for  each  equivalent  of  matter  deconii>os(Hl.  This  fundam^tal  property 
has  Ix^en  established  by  the  following  exj)eriment/' 

I  do  not  quote  the  experiment  heciiusi-  I  do  not  dispute  the  fact.  As 
much  of  the  acetate  of  vinyl  iis  contains  two  ecjuivalunts  of  acetvie 
must  necessarily  yiekl  to  experiment  two  etjuivaJent.s  of  acetic  acid  ;  but 
that  fact  respecting  tlie  acid  does  not  prove  the  proj)osed  doctrine 
respecting  the  base,  namely — that  OTI*  represeuts  One  Radical — that 
two  atoms  of  vinyl  mslce  one  atom  of  glycol. 

M.  Wurtz  finds  that  by  distilling  acetate  of  glycol  with  hydrate  of 
potash,  pun  glycol  is  produced.  According  to  my  notation  this  reaction 
would  be  represented  as  ibUows : 

CH*,C"HW  +  KHO  «  KS?BSf  +  H,CH«0. 
Vinyla    ,    Potassa  ^  Potassa    ,  Hydra 
acetylete.      hydrate.  ^  acetylete.  vinylate. 

But  M.  Wurtz  says  tliat  "  the  method  of  producing  glycol  shows  that  it 
contains  the  group  G*H* — that  is  to  say,  defiant  gas,  and  that  its  con* 

stitatioQ  can  be  expressed  by  the  formula    gt[0*,  which  represents  a 

group  of  two  molecules  of  water,  gi/O*,  in  which  H*  is  replaced  by 
the  diatomic  rsdical  CUV 
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Tfaia  senteace,  ui  vHuch  wety  quantity  pf  tht  aeHnff  dmmU  v  chidiUd^ 
gives  rise  to  tbe  inquiry,  Does  C*H*,  or,  in  corrected  inimbers,  CfH*, 
represent  one  atom  of  etbdene  or  two  atoms  of  vinyl  ?   Wbj  must  we 

double  the  proportions  ? 

T  have,  on  several  occisions  in  the  course  of  this  work,  see  phages  73, 
"79,  96,  and  108  (which  the  reader  will  do  well  to  rA-consult),  shown 
tlie  importance  of  the  radical  Vinyl,  and  the  necessity  ot  recognising  it 
under  the  formula  CH*,  which  represents  ano  volume  of  gas.  1  am 
not  aware  tliat  any  experiment  exists,  or  that  any  argmnent  has  been 
advanced,  which  can  estabUsh,  or  even  rsA»mmend,  the  formula  C?H*  as 
of  superior  authority  or  utility  to  the  formola  GH*.  For  these  resaooB  I 
consider  tliat  ethylene  and  glycol  are  non-existent,  and  that  the  doctrine 
of  diatomic  alcohols,  fimnded  upon  thdr  assomed  eristenoe,  and  owmg 
its  sole  authority  to  the  apparent  results  of  equations  constructed  wit£ 
double  equivalents,  is  a  fallacy.  I  am,  nevertheless,  rejoiced  that 
M.  Wurtz  has  discovered  tlie  acetate  and  the  hydrate  of  vinyl,  because 
they  serve  to  show  tliat  the  character  which  I  assigned  to  vinyl  was  not 
ill-founded.  As  the  Neutral  Radical,  which  stands  between  the  positive 
and  the  Tiegative  radirals — as  hydrogcYi  stands  between  the  metals  and 
tlie  ni'  talloids — its  imjuirtance  cannot  be  overrated,  ami  it  is  .suri)nsing 
that  chemists  have  not  long  since  recognised  this  compound  as  the  key 
to  the  system  of  comj[x>uiid  organic  radicals. 

Considerations  RESPEcrrxa  the  Hydrocarbons  which  contain  an 

EVLN  JS UMBER  OF  AlOMS  OF  HVDBOGLN. 

I  copy  the  following  observations  from  Professor  Milucr's  ElemmtB 

of  Chemistry y  1857,  part  iii.,  page  431  : — 

**  Glycol  is  derived  indirectly  from  olefiant  gas,  and  there  can  be  no 
question  that  the  hy(lrocarl)ons  homologous  with  olefiant  gas  will, 
before  long,  assume  a  nmeh  more  import^uit  ]>osition  in  the  theoiy  of 
organic  ciiemiiitry  than  has  hitherto  l>eeii  assigned  to  them. 

*•  A  \x\\)QY  by  Mr.  Buff,  comnumicated  to  the  Koyal  Society  by 
Dr.  Hofmann  (^Protxedings  Roy,  Soc.^  viii.  188),  contains  some  importaot 
observations  on  the  derivatives  of  olefiant  g^os.  There  are,  it  linist  be 
remarked,  two  classes  of  hydrocarbons  which  yield  uniatomic  alcohol 
radides ;  one  of  these  is  homologons  with  ethyl,  and  is  lepresenfeed  by 
the  formula  (C^H.  ^  |) ;  this  has  been  long  known  and  ex- 
tensively investigated.  The  second  series  has  onbr  recently  attracted 
the  notice  of  chemists ;  it  is  homologous  with  allyl  (QiH^),  and  is  repre* 
seated  by  the  formula  (C J ]._,).  Allyl  is  the  cndy  member  of  this 
series  which  has  been  carefully  examined. 

"  These  two  groups  of  hydrocarbons  are  intimately  related  to  each 
other,  and,  probablv,  the  raembci^  of  the  lattei-  s^-ries  will  hercaft^'-r  be 
obtained  irom  the  ibrmer  by  a  general  method  anak^goos  to  that  by 
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which  Berthdot  and  De  Luca  have  succeeded  in  obtaining  allvl  from 
glycerin. 

Now,  intermediate  between  these  two  groups  is  a  tJiird,  which  has 
already  been  long  recognised — viz.,  the  gnnip  of  the  hydrocarbons 
wiiich  are  homologoua  with  olefiant  gas,  represented  by  the  general 
formula  (^^^10) ;  and  u  lii'  h,  it  may  be  remarked,  would  be  produced 
bv  the  combii)  ition  of  the  corresjtonding  fmns  of  tin*  two  groups 
[►F'Tiously  alluded  to,  CJT^_^ ~  (Cii„II^).  It  is  only 
rectiitly  that  these  hydrocul  Imve  beeii  regaided  as  radicles;  yet 
thcv  are  undoubtedly  com]X)Uiids  of  this  nature,  but  they  diflfer  essen- 
tialU  iVoiii  the  radicles  of  tlie  two  other  gruu|>s,  iuu^nmch  as  their 
molecules  are  biatomic,  or  are-  capable  of  displacing  two  equivalenti*  uf 
hydrogen ;  whilst  the  radicles  typified  by  ethyl  and  allyl  are  nniatomic, 
and  only  represent  one  equivalent  of  hydrogen. 

"  We  have  already  examined  the  nature  of  Dutch  liquid — a  compound, 
the  molecular  composition  of  which  was  then  indicated  by  the  formula 
(CJO^ClfHCl):  the  view  thus  represented  harmonizes  Well  with  the  decora- 
positions  which  Dutch  liquid  experiences  when  treated  with  potash ;  but 
the  compound  may  also  regarded  as  the  result  of  a  combination  of  the 
diatomic  radicle  (C^H^)  with  two  equivalents  of  chlorine,  tlius  (C^H^yCl^^ 
and  as  sucli  it  may  be  termed  bkhloride  of  ethylene :  tlie  biatomic 
chamctvr  of  cthvleiie  (QH^)"  ix-ii)^  iiidicat<'d  here  by  the  nutation  (") 
aflixGil  to  the  radicle.  Bromine  and  iodine  also  combine  with  olefiant 
gas,  and  form  corresj)onding  compounds  (C^II^y  iir^;  ami  (C^H/j'  Ig. 

**  There  can  be  httle  doubt  but  tliat  glycol  ib  the  type  of  a  new 
class  of  homologous  alcohols,  each  of  which  will  form  the  starting  point 
of  numerous  series  of  collateral  derivatives.'* 

Rkmabss. — ^The  two  classes  of  compounds  which  Professor  Miller, 
following  MftL  Wurtz  and  Buff,  here  refers  to  as  having  each  an  odd 
atom  of  hydrogen,  are  those  which  at  page  7}  I  have  distinguished  into 
basic  and  add  radicals,  according  as  the  proportion  of  hydrogen  which 
each  contains  is  above  or  below  that  which  is  demanded  by  its  carbon 
for  the  constitution  of  a  multiple  of  virjyl.  The  third  ( lass  of  compounds 
— namely,  those  which  have  an  even  number  of  atoms  of  hydrogen^ — - 
are  cliaract<:'riso<l  by  Dr.  Miller  as  boini^  **  undoubtedly  comjiounds  of 
the  naturf  '  of  radicles,"  and  as  being  *'  biatomic,  or  capable  of  displacing 
two  equivalents  of  hydrogen."  This  doctrine  appears  to  me  to  be 
unsound,  for  the  following  reasons  : — 

1.  Because  such  compounds  are  frequently  not  radicals,  but  salts — 
namely,  pairs  of  radicals,  consisting  of  hydrides  of  radicals,  or  compounds 
of  radicaJs  with  mh  other,  of  which  compounds  examples  are  given  at 
pages  64  and  65  of  this  work,  under  the  head  of  %\r8t  and  Second 
Oroup  of  Gaseous  SaUe.  These  compounds  have  in  the  state  of  vapour 
twice  the  volume  of  radicals  proper.  Every  compound  formed  by  a 
basic  radical  with  an  add  radical  of  the  vinyl  series,  see  page  79,  and 
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every  oompound  formed  either  by  ft  basic  or  an  add  radical  of  thia 
aeries  with  hydrogen,  must  have  an  even  ntunber  of  atoms  of 
hydrogen*  and  yet  will  not  be  a  radical,  bat  a  salt  ooosiatiDg  of  two 
radicals. 

2.  Because  there  are  ^tuples  of  radicals  which  contain  an  evoi 
nnmber  of  atoms  of  hvdrogen,  but  which  arr  not  necessarily  biatomic  ; 
witness,  vinyl  =  CH*,  and  succinyl  —  CW;  and  which  do  not 
displace  two  equivalents  of  hydrogen.  In  the  vaponr  of  the  salts  of 
these  rvdiculs,  tlio  radical  itself  measures  nothing.    ISf^  P'^o*-  96* 

3.  I5ecaiii>e  the  })i'actice  of  making  uniatomic  radicals  appear  to  in? 
biatomic  bv  the  criule  jnocrss  of  doubling  the  formuhr  is  a  violation  of 
the  law  of  simplicity,  a  law  which  nature  always  follows,  and  whicli 
sciejice  cannot  disregard  without  ceasing  to  be  science. 

I  might  urge  many  other  facts  that  tdl  against  this  doctrine ;  bat  liie 
article  on  compound  organic  radicals,  printra  between  pages  44  and  8x 
of  this  work,  anticipates  almost  every  argument  that  need  be  advanced. 
For  the  reasons  stated  in  those  aignments,  I  do  not  consider  that  then 
is  A  SEEIES  OF  RADICALS  intermediate  between  the  positive  and  negative 
radioala  of  the  vinyl  series.  Vinyl  itself  is  certainly  intermediate;  bat 
the  compounds  tiiat  are  called  the  liomolon^ies  of  this  radical — namely, 
the  hydrocarbons  that  are  mnltiples  of  Oil*  ans  for  the  most  part,  either 
hydrides  of  j>ositive  or  neg-ative  radicals,  or  salts  composed  oi  }X)sitive 
combined  with  nocriitive  radic^ils ;  and  it  i«{  a  mistake  to  ascribe  to  such 
double  compounds  tlie  character  of  single  luatomic  radicals. 

The  bichloride,  bibromide,  and  biniodide  of  ethylene  oufirht,  in  my 
opinion,  to  be  called  the  neutral  chloride,  bromide,  and  iodide  of  vinyl. 
The  existing  evidence  is  entirely  in  favour  of  this  assumption.  The 
Datch  liqnid  Is  composed  of  one  vdame  each  of  chlorine  and  yinyl 
(defiant  gas).  It  hfli  the  specific  gravity  of  49*5  (see  page  54),  which 
agrees  with  the  atomic  weight  of  the  compound  CH*,G1,  and  with  one 
volume  of  vaponr,  which  is  the  measure  of  the  chlorine  alone,  since 
vinyl  measures  nothing  in  its  salts.  Reguault's  bibromide  of  ethylene 
has  the  specific  gravity  of  94,  which  agrees  with  the  formula  CH*,Br, 
and  with  one  volume  of  vaponr.  The  iodide  of  ethylene  does  not 
prodncc  a  gas ;  but  the  doul^lo  fonnula  usually  given  to  it  (C*H*1*)  lias 
nothing  to  sustain  it,  and  analogy  justifies  us  in  describing  this  salt  with 
greater  simplicity  and  more  accuracy  as  CH*,I. 

There  is  a  sulphide  of  ethylene  (C*H*S*)  which  is  equal  to 
CH*,S  =  vinvla  sulpha,  and  a  sulphohydrate  of  ethylene  (C*H*S*,2U»SL 
which  may  be  written  CH*,S  -h  HS  =  H ;  CH« ;  S*  =  hydra  vinyla 
sulphene.  This  compound  produces  salts,  of  which  an  example  may 
be  quoted  in  CH',S  +  PbS  s  Pb;  GH*;  S"  ^  plumba  vinyla  sulphene. 

I  shall  add  a  short  notice  of  the  compounds  that  have  been  recently  ' 
described  by  MM.  Buff  and  Wurtz. 

According  to  M.  Bufi*,  sulphocyantde  of  potassium  decomposes  both 
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diloiide  and  bioinide  of  ethylene,  and  prodaoes  fiolpbocyanide  of  etby- 
leoe,  aoooiduig  to  the  £>Uonriiig  eqoatioii : 

C,H,G1,  4-  aKCyS,  =  iKCL  +  C,H,Cy,S,. 

Is  it  not  evident  tliat  a  result  is  arrived  at  here,  as  in  M.  Wai  t/,  > 
argument,  by  a  nicro  duplication  of  the  in  ingredients  which  are  named  in 
tile  formulae y    Avoiding  that  dupUcation,  the  equation  is  ma  follows: 

CH«,C1  +  K,Cy,S«  =  KCl  +  CH«,Cy,S'. 
Vinyla        Potassa     Potassa  Vinyla 
chlora.         cyana       cblora.  cyana 
sulphene.  sulphene. 

This  equation  is  quite  intelligible.  We  have  proof  of  the  existence  of 
vinyl  and  of  its  power  to  act  as  a  radical,  and  to  form  salts  with 

chlorine,  sulphur,  cyanogen,  &c  Why  are  we  to  renounce  vinyl,  in 
order  to  believe  in  ethylene,  of  the  existence  of  which  wo  have  less  evi- 
deio\  and  then  to  renounce  ethylene  to  believe  in  glycol,  of  the  existence 
of  which  we  have  wo  evidence? 

The  analyses  of  acetal  by  M.  Sta<,  and  by  Baron  von  Liebig,  showed 
the  composition  of  that  compound  U)  be  C  H'*0*,  the  atomic  wt'ight  of 
which  i;i  1 18.  M.  Stas  found  the  specific  j^navity  of  the  va|iour  to  1h- 
59.  Gmelin  suggested  {fIancV>uch  dmr  Chemie,  Bd.  iv.  807,)  that  the 
composition  represented  a  copulated  coinpuuud  of  2  atoms  of  ether  with 
1  atfjm  of  aldehyde  =  2C*H*0  -f  CU*0*  =  C'^ir^O*,  but  he  admittetl 
that  its  behaviour  with  alkalies  and  solution  of  silver  rendered  tlie  pre- 
aeoce  of  aldehyde  improbable ;  and  as  it  appeared  to  me  to  be  difficult 
to  aocount  ibr  its  atomic  measure  of  two  volumes,  on  the  supposition  of 
its  oontaining  so  manj  radicals  as  Gmelin  assumed,  I  suggested,  at  ]jage 
57  of  this  wotk,  that  it  might  contain  ethyl  and  butyl,  but  I  marked 
it  (?),  because  I  bad  no  facts  or  authority  to  support  such  a  suggestion, 

M.  WurtB  now  quotes  the  composition  of  acetal  as 

which  is  similar  to  (jjnelin*s  arran clement  of  the  formula*,  but  ]Sr,  Wurtz 
con^iiders  the  compound  to  diet  hi/line  of  »^/li/col.  By  di.^ullmg  a  mix- 
ture of  alcohol  and  wood  spirit  with  sulphuric  acid  and  manganese,  he 
prepared  two  corresponding  compounds  containing  methyl,  making  to- 
gether the  following  aeries ;  all  of  which  he  considerB  to  be  compounds 
of  glycol : 


A. 

B. 

c. 

C*H* 

< 

O  R  9 

4t0   Ml  m* 
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If  now,  we  correct  the  atomic  weights  of  C  and  O,  and  reduce  the 
duplicate  to  single  quantities,  these  rebtioua  joatify  the  following  Ibr- 
mulie: — 

A.  €W,CHH>    s    Ethyia  vinjlate. 

CH<CHH)r  "    Ethyia  Yinyiate  cum  methyla  viDjlate. 
C.  CIP.CHK)    «    MethyU  vinylate. 

The  atomic  weight  of  tiie  compound  A,  whldi  represents  Acetal,  is 
according  to  this  formula  59,  which  agrees  with  the  specific  gravity  of 
the  vapour  on  the  idea  that  it  forms  one  yolume,  the  ethyl  alone  retsining 
its  measure,  and  the  yinyl  and  oxygen  losing  theirs.  The  atomic  weight 

of  the  compound  B  is  104.  It  ought  to  m  i  nr  >  t\vo  volumes,  and  its 
specific  gravity  should  be  —  52.  Now  M.  Wurtz  found  tlic  specific 
mvity  to  be  3*475  agsinst  air  =  i»  wliich  is  equal  to  50*28)  against 
H  =  I.  The  atomic  weight  of  the  Siilt  C  is  45.  Its  vapour  ought  to 
iiieasTirc  one  volume,  and  its  specific  gravity  ought  to  be  45.  This  is 
equal  to  spec.  i^v.  3*11  against  air  =  i.  I  do  not  know  wliat 
M.  Wurtz  found  it  tu  be.  I  have  a  note  stating  it  to  lu-  0'8  535,  ^vhich 
i.s  evidently  an  error,  either  in  the  Compter  Rendus  or  iu  my  transcrij>- 
tion,  wliich  1  have  no  o})portunity  to  correct 

"  I  find,"  says  M.  Wurtz,  '*  that  other  salts  of  silver  are  decomposed 
with  great  fiudlity  by  the  iodide  of  ethylene.  The  benzoate  of  silver 
thus  gave  me  an  oleaginous  neutral  compound  which  is  no  doubt 
benzoate  of  glycol.  CSonsequently,  the  method  which  I  have  described 
may  produce  an  infinite  number  of  neutral  compounds,  holding  a  middle 
]  )I  I'  -e  l>etween  the  ethers  and  the  fats." 

in  the  absence  of  exact  infonnation,  I  surmise  that  the  resction  here 
alluded  to  is  as  follows : 

CH",I   +    Ag,cmW    «    Ag,I    4.  CH«,C7HW 
Vinyla    ,      Ai^genta      _  Argenta    ,  Vinyla 
ioda.  benzylete.     ^    ioda.  benzylete.^ 

PfiOPTUC  Gltool  axid  Aictlic  Oltoql. 

I  copy  from  M.  Wurtz ; — "  I  iiave  proved  the  existence  of  propyhc 
glycol  and  amylic  glycol. 

A.  — By  acting  upon  acetate  of  silver  with  bromide  of  propylene 
OVBr*,  I  produced  diaoetste  of  propylic  glycol 

O'H'  ) 
=  C^H^O*  \  O*  =  C'*H'*0«. 

C*H*0«  J 

B,  — "  T  y.repfired  diacetate  of  amylic  glycol  by  acting  on  bromide  of 
amylcne  C"*ii' W  with  acetate  of  silver. 
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I  confess  that  I  do  not  understand  the  terms  that  arf»  iisixl  in  this 
description,  or  rather,  the  sense  in  which  the  tenns  are  iised.  Why  is 
the  group  of  atoms  Cf  H'  callcil  propylene  when  in  combiiuition  with 
bromine,  and  proi)yliG  glycol  when  in  cc>rn  hi  nation  with  acetyl  and 
oxygen  ?  Why  is  the  group  C'H'°  called  in  one  form  of  combination 
amyiene  and  In  another  ibnn  amylic  glycol  ?  Propyl  is  not  present  in 
the  first  group,  because  an  eqnivaknt  of  propyl  contains  IP;  it  is  pro- 
pionyl  that  is  present  in  propylene.  Aoayl  is  not  present  in  the  last 
gnmp,  becaoae  an  equivalent  of  it  oontsins  H",  It  is  valeryl  that  is  con- 
tained in  amylene. 

Overlooking  the  latitiidinananism  of  these  terms,  I  will  stale  my  view 
of  tlie  reactions  whic!>  tli«^y  are  used  to  desa'ibe. 

Bromide  of  propyl  n   I  <  oFisider  to  be  a  double  salt  =  C'H*,Br  -f-  HBr 
=  H;  C*H*;  Br*  =  Hvdra  propionyla  bronicn,  and  the  bromide  of 
amvK  ne  to  be  also  a  double  salt  =  eH»,Br  +  HBr  =  H  ;  C'W;  Br*  = 
Hydiu  valer\  !a  bromen.     Tlie  reactions  described  by  M.  VVurtz  are, 
according  to  my  notation,  as  follow : 


JCH\Br     +  HBr 
\Ag,C«HH/+ Ag,C«HW 

JC*ir,Br      +  HBr 


t  AgBr         4-  AgBr 

1C*H»,C*HW  +  H,<?ff0» 
tAgBr  +AgBr 


Both  of  these  equations  represent  ordinary  examples  of  double  deconi- 
positions. 

Sappoaing  the  experiments  to  be  correct,  which  I  do  not  qnestioo,  in 
each  case,  a  binacetate  is  producedt  but  not  a  binaoetate  of  a  Satomic 
alcohcL  On  the  oontnuryt  the  first  is  a  binaoetate  of  prapkmyl  and  of 
l^fdrogeHf  and  the  second  a  binaoetate  of  valeryl  and  af  hjfdrogen.  There 
is  no  evidence  of  the  Ibnnation  of  such  things  as  propyl ic  glycol  and 
amylic  glycol;  I  do  not  even  so  much  as  understand  wliat  is  meant  by 
those  terms ;  and  I  cannot  admit  that  phantom  compounds  which  result 
from  the  mere  duplication  of  fbrmul®  are  to  Ixi  receivo<i  as  mibstantive 
compounds,  dilTerent  from  those  that  are  exhibit»H!  l>y  the  same  equations 
when  th(.'  inoriH^lients  ar<i  tiiken  in  single  proix>rtions.  To  admit  that 
the  eftocts  prcKlnced  by  the  mere  doublinc^  of  !>vmlx)ls  is  Miiiu  ient,  in  the 
absence  of  corroborative  evidtnice,  to  j^iuvf  ihe  existfnici^  of  new  sul>- 
stances,  is  to  make  clu'inistry  a  pastime  lor  sjieculative  arithmeticians. 
It  is  remarkable  that  throughout  these  investigations  into  the  biatomic 
alcohols,  by  M.  Wartz,  by  BL  Bnfl^  and  by  Professor  Miller,  eveiy 
nsidt  is  come  at  by  means  of  equations  that  contain  duplicate  quantities 
of  all  the  acting  substances^  and  that  when  yon  uniformly  reduoe  the 
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quiintities  from  double  to  single,  the  biatomic  alcohol  theory  breaks 
down ;  glycol,  stripped  of  its  doable,  is  seen  to  be  vinyl ;  propyllc  glycol 
and  aniylic  glyool  become  shadows  of  shades ;  and  the  wbde  ftfaric  and 
its  &iiy  creatures  yanish  like  a  medi»val  enchanted  casde  at  the  tooch 
of  train.   The  pen  destroys  them  as  the  pen  created  them. 


GlyceTuiy  the  Teratomic  Alcohol. 

I  am  so  far  from  considering  that  Gltcerivt  is  a  teratomic  akohd, 
that  I  hold  it  to  l>floiig  to  that  class  of  comj-)Ounds  which  are  commonly 
railed  teHnisic  acids.  Instojid  of  being  a  Irase  which  requires  three  equi- 
valents of  acid  to  ntnitralise  it,  I  think  it  is  an  acid  which  can  neutniHse 
thrw  equivalents  of  base.  The  following  formulae  are  framed  in  accord- 
ance with  this  opiuioQ ; 

Grovp  A. 

1 .  H,H,H ;  CWO»  .    .    .    Hydrine  glycylite. 

2.  C«H*,(?HKy  ....    Glycyla  glycylite. 

3.  ZH*,C*H*0"  •   •   •   •   Ammona  glycylete^ 

4.  H,<W»  Hydra  glycyla. 

5.  CfIP,I  Glycyla  ioda. 


Oroap  B. 

6.  H,H,C«      ;  {yWQC  .  Hydren  acrtvla  glycvlote. 

7.  H,H,C7H*  ;  C-'H^^*  .  Hydren  Wnzyla  glvcylote. 

8.  H,H,C*      ;  CHHy  .  H'vdren  Initvrvla  glvcvlote. 

9.  H,H,C"'H'«;  C^H^O*  .  HVdrcn  oleyla  glycvlote. 

10.  H,H,C*"H»' ;  CmKr  .  Hydren  ijahnityla  glvcylote. 

11.  H,H,e  H"  ;  CHX)*  .  Hydren  sebamyla  glvcylote. 

12.  H,H,C"H*;  OTW  .  Hydien  stearyla  glvcvlote. 

1 3.  H,H,C»  H»  ;  CH"0»  .  Hydren  valeo  la  glycylote. 

Group  C. 

14.  H,(C*H»y ;  CH^O*  .    .    Hydra  acet^  len  glvcylute. 

15.  H,(CH7;C»H«0»  .    .   Hydra  ethyien  gly'cyUte. 

Cfrmp  D. 

16.  H,C*HW  +  (H,C«HT07  Hvdia  glycylete  bis  hydm 

batyryiete. 

17.  H,CfHW-|.  (H,C?Wy)' Hydra   glycylete   bia  hydm 

oleylete. 
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18.  H,OTPO»  +  (H,(WH3«/  Hydra  glycylete  bis  hydm 

  palmilylete. 

19.  H,(?BWh.  (H,C-»HW)«  Hydra  glycylete  bis  hydra 

stearylete. 

20.  H,CfH'0'H-(H,G*H*0')*  Hydra  glycylete  bis  hydra 

valerylete. 


21.  H,(C*H')»;CfffO» 

aa.  H,(C"'H»)« ;  CPH»0* 
33.  H,(C'«H='')« :  C-'H'O* 
24.  H,(C'W^)*;  eHH:>^ 
35.  H,(C»H»)"  jC'H'O' 


Group  E. 


Hydra  hatyrylen  glycylate. 

Hydra  oleylen  glycylute. 
Hydra  palmitylen  glycylute. 
Hydra  stearylen  glycylute. 
Hydra  valerylen  glycylute. 


26.  (CH»)»; 

27.  (C^H^  ; 

32.  (C*H')^ 


CT1*0« 

eH*o" 

CH^O" 


Acetyline  glycylaze. 
Benzvline  crlvcvlaze. 
Butyrylinc  glycylaze. 
Oleyline  glycylaze. 
Palmitvline  tjlvcvlaze, 
St^-aryline  glycylaze. 
Valeryline  glycylaze. 


33.  C•H^C]0  .... 

34.  C»H\C10  +  HC1.  . 

35.  CHMiKJ  +  HBr  . 

36.  H,C'H»0*  4.  HQ  . 

37.  H,C»HW  +  CTi%IO 

38.  H,(?HW  +  CTP,C10 

39.  H,(7H»0«  +  (7H»,CIO 


Glycvla  (^lilorate. 

Glvcvla  clilonitp  cum  livdra  clilonu 
Glycyla  brouiate  cum  liyilra  bionia. 
Hydra  glycylete  cum  hydra  clilora. 
Hydra  glycylete  com  glycyla  iodate. 
Hydra  glycylete  cnm  acetyla  chlorate. 
Hydra  glycylete  cum  benzyla  chlorate. 


^  IH.H.CTP;  SO*) 
4^-  IhW;  (7H*0*f 

4a.  H^ ;  m¥7J(y  . 

43.  H»;C»H«Z''0»  . 


Group  H. 


Hydien  glycyla  sulphote  cam 

calca  sulphete. 
Baryta  phosphite  cum  hydien 

baiytB  g^ycyllte. 
Hydrine  zotenic-glycyleze. 
Hydrine  zotinio-glycyloce^ 
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I.  H,H.H;C?H\)»  =  Hydiine  glycyUte. 

The  clump  formula  commonly  given  to  glycerin  is  CH^.  Doubling 
the  atomic  wcigiits  of  C  and  O,  this  becomes  (TSTO^.  Chemists  have 
differed  greatly  in  their  opinions  respecting  the  proximate  constitation  of 
this  compound.  For  the  sake  of  brevity,  I  will  abstain  fiom  any  hisp 
torical  notice  of  such  opinions,  and  only  describe  the  theoiy  which  I  am 
about  to  use.  I  assume,  then,  tliat  in  glycorin  there  is  an  acid  radical 
which  agrees  with  the  formula  C*H*,  which  is  Gerhardt's  Gltctl  with- 
out the  oxygon,  and  I  adopt  this  name  to  distinguish  it. 

Olycyl  can  form  salts  with  one  basic  radical  and  two  atoms  of  oxygon, 
an  example  of  which  is  given  in  No.  3,  =  ZH*,C*H*(3* ;  but  liydnitod 
^lycylic  acid  {X>ssesses,  like  hydratctl  phosphoric  acid,  die  power  of 

Tiling  t<'rl»a.sic  salts  by  combining  with  water,  or  with  salts  formed  on 
the  model  of  water.    Thus : 

H,(?H"0'  +  HHO  =  H»,(?HW  »  No.  i. 

These  three  atoms  of  Iwisic  hvdrogen  are  jointly  and  sef»arately  replace- 
able by  other  radiaiLs,  and  these  may  be  either  basic  or  acid  radicals,  but 
are  more  frequently  acid  than  basic. 

On  glancing  over  the  above  Table^  it  will  be  seen,  that  in  manj  cases 
where  the  salts  are  of  similar  stractare,  where^  fi>r  esunple,  me  add 
rascal  is  in  combination  with  three  haek  ndicals,  there  is  a  remarkable 
difference  in  ttie  complement  of  oxygen,  the  atoms  of  which  my 
according  to  the  series  3f  4«     and  6. 

In  the  different  orders  of  phosphates,  the  quantity  of  oxygen  varies 
with  the  number  of  biisic  radicals  that  are  present  in  the  salts ;  but  in 
thp  pjlvcylites  (or  ^lyceridrs.  as  they  are  tisnallv  ternvil),  the  quantity  of 
oxygen  varies  while  tlie  numl)er  of  radianls  remains  unchanged.  A  littk* 
consideration  of  the  flicts  oxliibited  in  the  Table  of  Examples  enables  us 
to  e\j)lain  this  pec  nliaritv. 

The  synopticul  fuiinula  of  tt  rljosic  glycylic'  acid.  No.  i  (hydriue  gly- 
cylite),  is  H,H,H ;  CH*0*,  When  the  atoms  of  hydrogen  are  replaced 
by  b(ueic  radicals,  no  change  occurs  in  the  qu;mtity  of  oxygen  required  to 
complete  the  glycylite;  witness  the  salt  No.  i;,  which  contains  two 
atoms  of  ethyl,  and  the  formula  of  which  is  H,C^H*,CW;  CfHW. 
But  when  the  replacing  radicals  are  such  as,  under  ordinaiy  circum- 
stances, act  as  acid  radicals,  then  each  acid  radical  which  goes  into  the 
glycylite  in  the  character  of  a  basic  radical,  carries  with  it  into  the  salt 
one  additional  atom  of  oxygen.  Thus,  every  salt  in  Group  B  has  one 
such  pseudo-f'a.s'ic  mdicah  and  the  oxygen  is,  in  consequence,  increased 
Ironi  3  atoms  to  4  atoms  in  each  salt.  In  No.  14  of  Grouj)  G,  and  in 
all  the  salts  of  Group  E,  there  are  two  such  radicals,  and  tiie  oxygen  is 
increased  in  every  instance  from  3  atoms  to  5  atoms.  In  the  salts  of 
Group  F  there  ai-e  three  of  these  radicals,  and  the  quantity  of  oxygen  is, 
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thefefbre,  raised  iiom  j  atoms  to  6  atoms.  Id  Gionp  D,  each  oompomid 
oontaiDS  thiee  acid  radicals  and  three  basic  radicals,  ibrming  three  com- 
plete salts ;  and  there  are  present  in  all  only  6  atoms  of  oxygen,  namely* 
two  for  each  salt,  because  none  of  the  acid  radicals  act  as  basic  radicals. 
In  short,  so  far  as  this  series  of  salts  is  concenied,  the  trath  of  this  im- 
portant fact  is  demonstrated. 

The  property  thus  shown  to  be  possessed  by  acid  radicals  of  taking  an 
additional  atom  of  oxygen  when  tiiey  act  the  part  of  basic  radif  ;?ls,  is  not 
rt^trirtf  (I  to  the  radicals  which  cntfn-  into  the  composition  of  the  gly- 
cerides.  The  mqiiiry  into  the  constitution  of  tiie  Anliydrides  has  taught 
us  othenvise.  See  ymge  Ii8.  When  sulphur,  or  acetyl,  or  benzyl, 
forms  salts  witli  hydrogen,  or  with  any  basic  radical,  either  metallic  or 
com^x^uiid,  the  salts  require  a  complement  of  two  atoms  of  oxygen ;  but 
when  the  same  acid  radicals  form  salts  with  an  acid  radical  in  the  place 
of  a  basic  radical,  the  oxygen  is  always  increased  from  two  atoms  to 
three  atoms.  For  that  reason,  all  the  anhydrous  adds  have  0*  where  the 
oonesponding  hydrated  acids  have  O",  so  also  all  the  compoond  anhy- 
diides,  or  salts  composed  of  two  difierent  acid  radicals,  have  0',  though 
tlie  neutral  salfc?  of  each  of  the  same  acid  radicals  have  only  0*  when  they 
contain  basic  radicals.  I  am  not  declaring  that  tliis  peculiar  property  of 
the  nrid  radicals  is  nnivei-sal,  but  it  is  certainly  exercised  very  frequently, 
and  it  deserves  more  attention  than  chemists  have  hitherto  been  pleased 
to  l>estow  upon  it  In  subs<  <[iient  sections  relating  to  the  constitutioa  of 
polybasic  acids,  I  shall  have  to  sjx'ak  of  it  again. 

2.  CH^.CH^O*.  Glycyia  glycylite.  This  compound  is  the  ruihy- 
di"ide  ot  aiiiivdrous  acid  of  the  glycerine  series.  Geriiardt  calls  it  the 
oxide  of  glycen  le,  and  Professor  Miller  characterises  it  as  the  supposed 
glyceric  ether.  It  is  evidently  derived,  like  other  anhydrides,  by  the 
afaatraction  of  water  from  the  monobasic  hydrated  glycylic  acid. 

H,C»H'0*f  =  t 

The  preceding  paragraph  acooanta  for  the  presence  of  0"  m  the  anhy- 
dride, when  the  hydrated  add  eontahis  only  0^.  It  shows  also  the 
exact  accordance  of  this  compound  with  the  compounds  called  anhydrous 

acids.  I  see  no  reason  whatever  for  imagining  it  to  belong  to  any 
Other  class  than  this,  and  I  am  not  surprised  at  the  daubtiiuj  stiUe  of 
mind  whicli  led  Professor  MUler  to  call  this  compomid  the  supposed 

glyceric  ether. 

3.  ZH\CH*0*.  Ammona  glycylete.  Prof^  s^or  ^Tiller  informs  us 
that,  When  an  alcoholic  solution  of  bibromhydrin  (CH'Br'O*) 
[=  No.  35  in  the  above  Table]  is  submitted  to  the  action  of  ga-seous 
ammonia,  the  liNUiDbroniate  of  a  new  base,  glycerainine^  CH'KO*  (Ber- 
thelot  and  De  Luca)  is  produced,  whilst  bromide  of  ammonium  is  formed. 
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The  oorrectnew  of  ihe  fisndnla  given  for  thiB  base  is  however  questioii* 
abW   (Elenwnis  of  Chmutry,  Hi.  383.) 

.  If  we  admit  that  water  takes  part  in  the  leactioD,  the  equation 
becomes  intelligible,  tfaos: 

No.  35  =  CH^Br0  4-HB^)  fZH\Br 

ZH"     +zH*y  =  \zH\aE^\ 

'  H,HO  J       [HBr.  f 

The  "  hvdrohromnte  of  a  new  bast'**  is  morelv  a  douMe  salt  of  hjrdiO- 
bxY>mic  acid  with  the  salt  ^^o.  3,  which  is  the  glycenunine. 

4.  H,(?H»  =  Hydra  glycyla. 

5.  C?H»,I   =  Glycylaioda. 

**  Glycerine  treated  with  biniodide  of  phot^phoms  yields  crase<ni3 
projiylenc  C^H",  a  distillate  of  wat^r  and  iodopropylene,  CHM,  and  a 
residue  containing  certain  oxygen-acids  of  phosphorus,  together  with  free 
iodine,  undecomposed  glycerine,  and  a  trace  of  red  phosphorus.  The 
formatioo  of  iodopropylene  is  dae  to  a  redndng  action  ezerdsed  hf  the 
PF  on  the  glycerine.  The  liberation  of  C^H*  appears  to  be  of 
aeoondaiT  importance,"  Berthelot  and  De  Lnca  (in  Gmelin's  Hand* 
book  of  Chmktry^  ix.  489). 

Tile  oompomids  which  are  here  called  propylene  and  iodopropylene 
appear  to  me  to  be  the  hydride  and  the  iodide  of  glyc>'l;  but  the 
variety  in  the  names  that  are  given  to  hydrocarbon  radicals  which  are 
isomeric,  if  not  identical,  with  glycyl  is  ver}'  perplexing,  Thns,  C*H', 
occurring  as  an  acid  radical  in  a  series  of  salts,  has  for  some  years  been 
calletl  all'/I.  T*atterly,  Dr.  Hofmann  (  Prowdii)fjs,  Bof/al  .SonV^y,  viii.  33), 
has  changed  tlie  name  U)  arn/J^  although  acryl  alreadv  had  fixed  upon  it 
tlie  signification  of  C*H',  which  fonimla  indicates  another  radical, 
produwd,  like  allyl,  from  glycerine.  The  term  Allyl  is  tlierefore 
overthrown,  and  we  are  at  liberty  to  use  acryl  to  signify  either  or 
CH*,  which,  as  these  radicals  are  nearly  n^ted,  and  both  prodndbk 
from  glycerine,  is  a  mighty  convenient  latitude,  and  higlil}  oondacive  to 
perspicuity.' 

The  componnd         is  also  called  mesUyl;  It  is  the  radical  of 

Pseudo^cetic  aciJ^  which  has  also  been  called  butyroacetic  acid ;  it  is  the 
radical  of  mefacetonic  acid ;  it  is  the  radical  of  propylene ;  it  is  the 
radical  of  lactio  acid;  it  is  the  radical  of  prcpkmio  acid  and  of  propionk 


*  A  new  number  (26,  vol,  viii.)  of  the  Proceedings  of  tlte  Royal 
Siy  iety,  which  has  just  apj^eared,  contains  a  paper  by  Dr.  Hofmann, 
ri-ad  15  th  June,  1857,  in  which  he  returns  to  the  old  name  of  AliyL 

It  is  never  too  hiXAi  to  mend." 
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aldide ;  it  is  propwnyl ;  it  is  sixe ;  it  is  the  hydride  of  triJtyUtic  ;  it  the 
radical  oi  propylal ;  &c.,  &c.,  <fec. 

Wben  organic  chemists  can  briog  up  their  languid  eneigies  to  the 
point  of  admowledging  the  ezisteooe  of  such  things  as  radSdSf  taking 
that  word  in  the  leatricted  sense  in  which  it  is  used  in  this  Essay,  one  of 
their  firet  sabseqnent  Ialx)arB  most  be  that  of  identifying  and  dis- 
criminating the  radicals  from  one  another.  Is  it  creditable  to  the 
present  race  of  chemists  that  we  should  have  nearly  a  SCOre  of  names  for 
the  hydrocarbon  C*H*,  and  that  these  names  should  have  attached  to 
them  characteristics  of  classes  of  salts  so  ill  made  out  that  it  is  impossible 
to  say  whether  the  fommla  C?H*  represents  oiie  thinfj  only,  or  twelve^  or 
twenty  differtnt  thwgs? — whether  it  indicates  one  ])erfornier  assuming  a 
variety  of  characters,  like  1*1  iss  Horton  or  Mr.  Woodin  when  ]  laying 
their  monopolylogues,  or  is  the  representative  of  a  whole  company  of 
actors,  each  possessing  an  ascertainable  individuality  ? 

Such  a  State  of  uncertainty  should  not  and  need  not  continue* 
Loolring  at  it  fiom  a  business  point  of  view,  there  is  an  obvbus 
solutioii  of  the  probiem.  The  radicals  which  constitute  this  mob  csn 
either  be  distinguished  from  one  another,  or  they  cannot.  Hiey  can  be 
pcoved  to  be  alike»  or  to  be  different.  If  they  eaai  be  distinguished,  it 
ought  to  be  done,  and  their  characters  ought  to  be  laid  down  with 
precision ;  if  they  cannot  be  distinguished,  the  useless  duplicate  names 
should  V>e  abandoned ;  for  it  is  a1)surd  to  letain  distinctions  in  words 
where  there  are  no  differences  in  things. 

At  prosicnt,  T  confess  that  I  am  unable  to  identify  the  radical  which 
in  the  above  lormuiaj,  Nos.  i  to  5,  I  have  cailed  yh/njl.  It  mav  be 
glycyl ;  it  may  be  allyl ;  it  may  be  acryl ;  it  may  be  lactyl ;  it  may  l>e 
propionyl.  In  all  [>robability  these  five  names  signify  only  one  thing ; 
and,  in  the  mean  time,  I  assume  only  that  the  formula  Cll^  represents 
the  hydrocarbon  which  transmigrates  through  the  44  salts  tiiat  m 
named  in  the  above  table,  and  that  the  word  glycyl  means  this  iBdical. 

Usual  Nakeb  of  the  Oommnx^  Noa,  6  to  3a. 

Group  B.  6,  Monacetin.  7,  Monobenzoicin.  8,  Iklonobutyrin. 
9t  Monolem.  xo^  Monopabnitin.  11,  Sebacin.  12,  Monostearin. 
13,  MoDovalerin, 

Group  C.   14,  Biacetin.    15,  Biethylin. 

Qrxntp  D.  16,  Bibutyrin.  17,  Biolein.  x8,  Bipalmitin.  19,  Bi- 
stearin.   20^  Bivalerin. 

Group  1,,    21,  Bibutyrin.   32,  Biolein.   23,  Bipalmitin.   24,  Bt- 

stearin.    35,  Bivalerin. 

Group  F.  26,  Teracetin.  27,  Tcrbenzoicin.  28,  Terbutyrin.  29, 
Terolein.    30,  Terpalmitio.   31,  Tersteahn.   32,  Tervalerin. 

The  most  important  compounds  which  result  from  the  actioQ  of 
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acids  upon  glycerin  are  those  termed  glyoaideSi  which  are  analogoas  In 
composittOQ  to  the  varioas  fats  and  oiU.  Berthelot  has  recentlj  suc- 
ceeded ia  forming  these  bodies  by  the  direct  tmioD  of  the  adds  with 
glyoeriD,  and  has  obtained,  in  the  ooune  of  his  investigation,  not  only  a 
large  class  of  these  bodies  which  were  not  previously  known,  bat  has 
been  sncccssrul  in  the  attompt  to  re-combir»p  n-hTfrin  with  the  fatty 
acids,  so  as  to  reproduce  several  of  tlie  natural  lats  (^Ann.  de  Chimie^ 
III.,  xli.  2i6).  According  to  the  researches  of  this  rhomist,  stearic, 
palmitic,  and  oleic  acids,  each  forms  three  compounds  by  its  union  with 
glycerin  ;  the  act  of  combination  is,  however,  attendetl  by  tlie  .se|  »aration 
of  water  in  each  case.  .  .  .  The  follow aig  Table  contains  a  list  of 
these  compounds  with  the  formulae  of  the  decomposition  which  appears 
to  attend  their  fonnatioD,  For  Ihe  sake  of  convenience,  the  fonniils  of 
the  hydrated  acids  are  written  withoat  indicating  the  basic  water  in  the 
usual  manner:  thus,  stearic  add  (HO,€PH"0^  is  written  (C!*H^) : 

Stearic  Acid,  Glvcerin. 

Monostearin  =  C*«H**0"   =     C»*H«0*   +  C^H-'O*  -  2  HO 

Bist^arin       =  C^IFO'*  =  2(C«H«'0*)  +  CH'O*  -  2HO? 

Terstearin     =  C"*H""0"  =  3(C^1P0*)  +  CH"0«  -  6H0. 

Acetir-  Afi«L  Glvcmn, 

Monacetin  =  CMI'M )»  =  r  HM  1*  4.  CWO»  -  2HO 
Biacetin  =  C'^H^M/"  =  2(C^  O*)  -f-  CH"0»  -  4HO 
Teracetin      =  C'»H"0'*  =  3(0*  H*0*)  +  C«HH>«  -  6H0. 

**It  might  have  been  expected,  that  in  the  focmation  of  these  com- 
ponnds  the  quantity  of  water  separated  ahotdd  have  been  somewhat 

different,  and  that  the  pro{)ortions  in  each  of  the  three  coni|)Ounds 
should  have  been  2 HO  in  the  first,  4HO  in  the  second,  and  6H0  in  the 
third,  each  equivalent  of  the  hydrated  acid  losing  an  eqjuivalent  of 
water,  whilst  the  single  equivalent  of  glycerin,  in  the  act  of  combination, 
should  lose  I,  2,  and  3  equivalents  of  water,  according  to  the  number 
of  equivalents  of  acid  with  which  it  is  combined. 

"According  to  IWithelut,  terstearin,  terpalmitin,  and  terolein,  are 
identical  with  the  stearin,  ])almitin,  and  olein  of  the  natural  fiits.  nnd 
they  are  produced  by  the  combination  of  3  equivalents  of  the  h\  dratetl 
fetty  acids  (C^H^O^)  with  i  equivalent  of  glycerin,  the  act  of  combination 
being  attended  witib  the  separation  of  6  equivalents  of  water. 

^*  All  these  neutral  compounds  of  the  fatty  adds  with  glycerin  are 
insoluble  in  water,  but  are  soluble  to  some  extent  in  boilii^  alcohol,  and 
are  readily  soluble  in  ether.  If  treated  with  concentrated  adds,  diey 
are  decomposed  and  acidified  in  the  same  manner  as  the  natural  fats ; 
and  they  are  all  saponifiable — that  is,  they  are  decomposed,  hke  the 
natural  fats,  into  a  fatty  acid  and  glycerin,  when  boiled  with  an  alkali* 
It  has  been  found  that  whether  monadd,  biadd,  or  teracid  in  composi* 
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tioDy  these  £its  are  all  neutnil  in  tfadr  leactioiuiy  and,  moieover,  whm 
decomposed,  tliej  all  yield  glycerin  of  the  aame  compoeitioti  and 
amdition  of  hydration,'* — Miller  {Elements  of  Chemistny^  1 857,  part  iii, 
381). 

I  have  quoted  only  two  examples  from  the  Table  given  by  Professor 
Miller,  beonise  these  are  sufficient  to  show  the  amount  of  infonnation 
Irhicb  they  contain.  They  give  us  the  relations  of  the  adds  and 
glycerin  to  the  resulting  compounds,  but  they  make  no  attempt  to 
explain,  what  we  chiefly  wish  to  have  explained,  the  internal  constitu- 
tion of  these  compounds.  Terstearin  is  merely  said  to  be  C"*H"**0**, 
and  we  are  left  to  giioss,  as  we  con,  at  the  possilile  proximate  constitution 
of  the  suit  ^vhich  is  represented  by  this  great  unhewn  block  of  236 
ultimate  atoms. 

The  following  paragra|)li,  which  Professor  Miller  appends  a  fwt- 
note  to  his  phrase  "  supposed  glyceric  etlier  "  (Elements  of  Clu  juistri/, 
iii.  383),  cont'iins  the  onlv  hints  towards  a  knowled^  of  the  proximate 
constitution  of  the  gls  cendea  which  he  ventures  to  advance  : — 

**  Glycerin,  however,  if  it  be  an  alcohol,  cannot  be  a  nionatomic 
alcohol,  but  it  must  be  teratomic ;  in  which  case  it  may  be  formed,  as 
G  t  i  hardt  suggests,  upon  tlie  type  of  two  double  molecules  of  \\  ater,  and 
iLs  radicle  ((*HM)*)  may  be  named  gl^fcyU  m  order  to  distinuuish  it 
froai  Liebig's  glyceryl  (C^IF).  The  relation  of  the  three  acetius  to 
glycerin  would  then  be  the  following  : — 

Glycerin,  Acetin. 


H 


BiaoetiD*  Teraoetin, 


Wurts,  however,  considerB  glycerin  to  be  formed  upon  the  type  of 

H*) 

three  doable  molecules  of  water,  jp^O" ;  a  view  which  is  more  con- 
sistent with  the  general  theory  of  these  compounds ;  C*FP  Toeing 
a  teratomic  radicle»  or  representing  three  equivalents  of  hydrogen, 
thus: 

Olyoerin.     Glrcerie  ether*      Aeetia,  Biaoetiii.  Teraoetin. 


^^^jo'j  ^R^^'  ^loV;  al^H^U  3^?So^}o-. 

When  I  look  at  the  real  model  of  water — HHO — and  compare  its 
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simplicity  with  the  intricacy  of  these  giant  formula,  I  marvel  at  the 
latitude  of  interpretatton  id  which  orgpoic  cheminte  iodulgel  While 
professing  to  aecotmt  for  the  composition  of  these  salts  apoa  their 
allc^'ecl  resemblance  to  the  model  of  water,  we  have  here  one  chemist 
extending  his  model  to  four  atoms,  and  another  to  six  atoms  of  water, 
and  twisting  those  intf)  a  variety  of  strange  and  fentastic  forms.  Thr->*^ 
are  not  exanipli>s  of  adherence  to  a  acientific  standard,  bat  of  the  play  of 
a  capricious  fancy. 

The  ditiiculty  which  Profi'ssor  Miller  starts  in  regard  to  tlie  qnantitT 
of  water  which  is  expelled  during  the  reaction,  gives  rise  to  tlie  double 
set  of  formuhe  which  I  have  given  in  Gron|)8  I)  and  E.  The  com- 
j>oun*U  m  Grou]>  1)  represent  the  results  ul  M.  berthelot's  analysai;  and 
which  have  bt'i-n  ol))ected  to,  not  only  by  Dr.  Miller,  but  by  M.  Ger- 
hardt,  and  by  Mr.  Watts  (editor  of  Gnieliu's  HamlfwKih).  The  s;i1ls  of 
Group  E  are  the  (presumed)  same  compounds  fonnuiati'd  accordinij  to 
a  suggested  correction  of  Gerluudfs,  which  consiists  in  deducting  HHO 
from  each  salt  (equal  to  2HO  according  to  Dr.  Miller  s  notation).  Ad 
all  the  series  of  salts  are  formed  by  heating  together  the  acids  and 
glycerin  in  doaed  glass  tubes,  fiyr  diflerent  lengtha  of  time  and  at 
dtflerent  degreea  of  heattand  the  eflect prodaoed  ia  the  gradual  fbrmatkn 
and  separation  of  water  from  the  anbydrides  that  are  ^xrmed  aimnl- 
taneoualjr,  it  is  posaible  that  both  sets  m  salts  may  k)e  formedt  though, 
certainly,  thoee  of  Group  £  aeem  to  be  of  more  probable  ocoaivenoe 
than  thoae  of  Group  D* 

Let  na  now  see  how  tbeae  canons  aalta  agree  with  the  notkn  tbd 
formula  No*  i  =  H,H,H ;  CIPO*  repreaents  the  tme  oompoeitkm  of 
glycerin,  according  to  which  formula  glycerin  is  a  terbasic  acid,  and  the 
glyceridea  are  aalta  in  which  the  aoHsUed  fiitty  adds  act  the  part  <£ 
bases  against  glycerin  acting  aa  an  acid. 

The  following  examples  represent,  in  detail,  the  reactions  which  take 
place  when' hydrated  terbasic  glycylic  acid  is  heated  with  bydnted 
aoetic,  butyric,  and  stearic  acid 

H,H,H;  (^irC)*  1 
Acetic  acid.    H;(?H«0*  | 
H,H,H ;  C?  H»  0»  \ 
Stearic  add.    H ;  C'H^O'  ) 

H,H,II ;  e  IP  O*  1 
Acetic  acid.  a(H ;  C»  H»  0*)f 

H,H,H;  C"IPO»  I 
Alcohol.  a(H;C«H»0)f 
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I,  and  with  alcohoL 


-i 
-i 


H,H,C?H»  ;  CH^O*     =  No.  6. 

H  ;UO 
H,H.C«H»;  CWy     «  No.  12. 
H  ;H0 


jH,<?H»,CTr;  C^IPO*  =  No.  If 
t  2(H  ;  HO) 

JH,(?H»,CH»;  CTJW  «  No,  15. 
\  a(H.  HO) 
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Grmp  D. 

H3,H;C 

Bcrt5rricacid.3(H;C*H'0«)f""l  H;HO 


H3,H ;  C  H*  0»  1    /2(H,C*IF0*)  +  H,C?H»0"  =  No.  i6. 


Group  £. 

H,H,H ;  C  IP  C  )  _  J H,CH^C*H^  ;  C»H»0»  =:  Ko.  2i. 
Butyric  acid  alH ;  C*     O-)  j  ~  I  a(H ;  HO) 

Group  F. 

H,H,H ;  r  TP  |  j(?H«,C«H»,C?H«  ;  CHX/  «  No.  26. 
Acetic  acid.  3(H ;        QF)\  "  )  3(H ;  HO) 

H,H,H;  C«H»0»  )  JC*H»,C'*H»,C'«H'«;  CHX)»  =  No.3i. 
Stearic  add.  3(H ;  Q^B^)  f "  t  3(H ;  HO) 

It  will  be  observed,  that  in  the  foiTtintioii  of  these  com|x^unds  there  is 
a  gradual  protrn  ssion  from  the  condition  of  normal  hyd rated  acids  to 
that  of  perfect  anhydrides.  Thus,  the  salt  No.  6  is  equal  to  H,C*H\>* 
4-  H,C^il*^^*,  or  hvdrattnl  acetic  acid  plus  hvdrdt<'d  glvcylic  acid;  and 
ihe  salt  No.  31  is  ('qual  to  (r"H",C"'H'*^d^  +  C'"H^,C»H»a*  or  the 
stearic  anhydride  plus  the  compound  anhydride  of  4)tearyl  and  gU'cyl. 
The  other  groufis  are  intermediate,  according  to  their  deficiency  of  HHO. 

At  page  73  C)f  this  work  I  have  given  an  arbitrar}-  rule  tor  arranging 
the  hydrociirhuii  radicals  in  the  order  of  their  basicity.  According  to 
tliiit  rule,  the  radicals,  which  form  the  salts  Nod.  6  to  32  in  the  Table  of 
glycerides,  are  to  be  arranged  as  follows : — 


1.  Ethvl  =  CMP 

2.  Stearvl  =  C'"H=" 

3.  Palmityl  =  C'W 

4.  Oh'vl  =  C"H~ 

5.  Valeryl  =  C*H' 


33 
» 


6.  Butvryl  =  C*H' 

7.  Glycvl  =  CTP 

8.  Seba'myl  = 

9.  Acetyl  =  C^H" 
lO.  Benzyl  =  (7H*. 


This  relationship  justifies  me  In  placing  the  radicals  of  the  fatty  acids 
as  positive  or  basic  agiainst  the  radical  of  glycerine,  considered  as 
n^^ve  or  add*  and  in  overturning  the  notions  which  are  commonly 
attached  to  the  components  of  the  glycerides.  I  do  not  mean  to  say 
that  my  arbitrary  nde  for  discriminating  positive  from  native  radicals 
alone  justifies  my  over-riding  the  opinions  generally  entertained  on  this 
subject  by  organic  chemists,  but  that  this  arbitrary  rule  leads  to  results 
the  importance  of  which  justifies  my  classification.  In  fact,  the  notion 
that  glycerine  is  a  teratomic  alcohol  leads  to  nothing  beyond  clump 
formulai  (save  only  the  crude  attempts  to  explain  the  compounds  by  the 
model  of  water) ;  whereas  the  assumption  that  it  is  a  terbasic  acid  gives 
rise  to  formula*  that  are  regular,  intr  llirnV)le,  and  probable. 

Let  us  now  examine  why  it  is  that  the  ^ts,  or  glycerides,  whether 
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xnonadd,  biacid,  or  teracid,  when  boiled  with  potesh,  all  vield  glyc^rii; 
of  tlie  same  compoeitioii  and  coDditioa  of  bydratioo.  I  will  adduce  the 
dififerent  stearins  as  examples : 

Monosteurin. 

No.  I3l       H,H,C"H=^ ;  C '  H*  OM  _  JH,H,H ;  C     0«  =  ly 

K;HO      I  "  \  K;C«H«0* 


Bistearin  (according  to  Gerliardt). 

No.  24I  H,C'"H%C'"H'** ;     H*  0*1  (H,H,H ;            =  i]. 

-     '  K;C"'H^O* 

TersUarin. 

No.  31].         (CW*)'  ;  (^  H»0«|  ^  |H,H,H;C»  H*Cy  =  yo.i]. 


o   / 

K;  H  Ol  =  ^ 
K;    Hoj  I 


3(K;H0)     f       \  3(K;C««ff»0") 


H;  HO 


Sistearin  (according  to  Bertbelot). 

No.  1 9].  ^H;C»1P»0* 

IH;CPH»0»^  « 
K;  HO 

K;  HO, 

These  equations  prove  that  every  individual  radical  of  the  fatty  adds 
takes  up  K'  from  KHO  (hydrate  of  potash),  and  that  the  quantity  of  BO 
thus  set  free  is  in  all  cases  exactly  saSSIcieiit  to  convert  the  liberattfd  gljcvl 
into  the  tribasic  glycylic  acid,  W,(TEKIF.  The  nulicak  of  the  fttty 
adds,  which  act  positively  against  glycyl,  act  negatively  against  metallic 
radicals  and  against  hydrogen*  The  equations  aocoont  for  the  disposii 
of  every  atom  which  is  concerned  in  each  reaction. 

The  compounds  represented  in  Groaps  G  and  H  are  of  mndi 
Importance  than  those  which  precede  them ;  but  I  will  show  briefly 
that  they  are  not  Inconsistent  with  the  theory  that  I  have  advanced  to 
explain  the  more  important  compoonds. 

Group  G.  U.su.\L  Names.  33,  Epichlortiydrin  =  OTPCiO'.  m. 
Bichlorhydrin  =  CH'CiW  35,  Bibromhydrin  =  C«H^Br'(>«.  .En- 
tile note  to  No.  3].  36,  Monochlorhvdrin  =  (?H'ClO*.  37,  lodhy- 
drin  ^CH'^IC.  This  compound  is  deoompoeed  by  caustic  potoin 
according  to  the  following  equation 

t  ^-'ho    =  ^(HSCTW)  =  Kali 
38,  Acetochlorbydrin  =  C'*H*C10».  39,  Benzochlorhydrin  «C*ffW. 
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Group  II.  Usual  Names.  40, 6  ulphogly  cerate  of  Lime  =  CaO, 
C^G^a^O",  Miller,   Gerhardt's  formula  for  the  "  acid,"  which  he 

calls  moDobosic,  is  0^  SO*    V.   There  are  siimlar  salts  with  Ba»  As, 

IH»  I 

and  Pb  instpad  of  Oft.  The  formula  No.  40  is  founded  uyjon  the 
ootion  that  the  compound  is  a  double  sulphate  (Ca,SO'  +  H,H,<?H*; 
SO),  the  salt  Ga.SO'  is  neutral  and  H,H.e*H* ;  SO*  is  terbasic.  There 
are  tour  atoms  of  oxygen  in  tlie  latter  instead  of  two ;  one  atom  extra 
bemuse  it  is  terbasic  acid,  and  aaother  atom  because  it  cootaiiis  an  add 
radical  actiiiLr  as  a  basic  radiud. 

41,  Phosplio^lycerate  of  Baryt*^s  =  CWBaWjHCPO*,  GmeJin. 
Gerliardt  gives  the  loliowiug  formula  to  phosphoglyceric  acid,  which  he 

calls  bibasic ON  PO     I.    42,  Nitroglycerine  =  C«HXNO*)*0«,  De 

Ih*  J 

VriJ.  43,  Nitroglycerine  «  CTP(NO*yO«,  RaiUm.  When  boiled 
wid^  aqueous  potash,  these  compounds  produce  glycerine  and  nitrate  of 

No.  43].  WfyWVO'l  _  J2(KN0») 

(K,HO)«     f  -  jH».eH^O»  =  No.  1]. 

No.  43].  WS'nVZ'm  _  f3(K,N0») 

(K.HO)»     f  "  liP.CH^O-  =  No.  i]. 

These  two  compounds,  Nos.  42,  43,  have  l)een  described  as  belonging 
to  the  salts  of  zotic  radicals  dosrril)ed  at  pn'/o  132  :  but  I  shall  show, 
at  page  394,  that  they  admit  of  another  and  a  i>etter  interpretation. 


The  Doctrine  of  Polyatomic  Alcohols**  is  now  ready  for  the 
reader's  judgment  I  have  placed  the  evidence  before  him,  and  he  is  to 
decide  upon  it   My  suniming  up  of  it  is  as  follows : — 

1.  There  is  no  such  thing  as  Glycol — ^meaning  thereby  a  radical 
different  from  Vinyl ;  a  radical  that  can  produce  a  biuaoetate,  but  not  a 
monacctate. 

2.  There  is  consequently  do  iMntomic  alcohol,  because  the  visionary 
glycol  is  tiie  only  evidence  to  support  thi'  doctrine  of  i.)iat<>niic  alcohols. 

^.  It  is  ensy  to  account  hr  the  r<)m}Hj,".iti(jn  of  the  glycerides  on  the 
assumption  that  glvcyl  is  the  radical  of  a  terbasic  acid. 

4.  It  is  impossible  to  give  a  rational  accx>uut  of  the  <oniposition  of 
the  glycerides  on  the  assumption  that  glycyl  is  the  radical  of  a  teratomic 
alcohol. 

5.  There  is  consequently  no  evidence  to  support  the  theory  of 
teiatomic  alcohols. 

6.  The  Doctrine  of  Polyatomic  Alcohols  is  a  delusion. 

2c 
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Becent  Proceedings  in  the  French  Academy  of  Sciences^ 

respecting  the  Teratomic  Alcohols. 

Juat  as  the  final  proof  of  the  pieceding  article  on  Poltatomio 
Aloohols  was  about  to  be  sent  to  press,  I  read  in  a  French  scientific 
newspaper  {La  Lumikre^  89th  Aogost,  1857),  the  foUowing  Artide^ 

No.  I.  The  broad  statements  respecting  tlie  existence  of  acid  qnator- 
nions,  contained  in  this  Article,  and  the  strong  approv;il  of  the 
teratoniic-alcohol  theorv  attnlmtx^d  to  M.  Chevreul,  iiuhu  vxl  me  to 
delay  tho  |)rinting  of  my  Article  until  tlie  arrival  of  the  (Amiptea  JUnulits 
of  17th  August,  1857,  from  which  I  have  extrdcttnl  the  Snniniarv, 
No.  2.  These  two  papers  give  the  w^der  the  laU^-st  exj^u-imental 
researches,  aiid  the  newest  doctrines,  on  the  subject  of  tlie  teratomic 
alchohok.  After  reading  them,  I  sent  my  Aitide,  as  it  stood  in 
type,  to  press,  considering  it  was  needless  to  alter  it,  because  its  fiutSt 
arguments,  and  condosioos,  weie  in  no  respect  invalidated  1>y  the  new 
disooyeries. 

Ko.  I. 

"At  the  Sitting  of  the  Acadf.my  op  SciENCis,  Ui  Paris,  ok 

THE  17TH  August,  1857* 

"  M.  Cbevieul  oommnnicated  to  the  Academy,  in  the  names  of  the 
authors,  MM.  Bertiidot  and  De  Luca,  a  complete  treatise  on  the  com- 
pomids  which  glycerine,  considered  as  a  teratomic  alcohol,  produces  on 

combining  with  chlorhydric,  bromhydzic,  and  acetic  adds. 

It  results  from  this  investigation,  that  glycerine  prosents,  in  com- 
parison with  alcohol,  precisely  the  same  relations  that  phosphoric  acid 
presents  in  comparison  with  nitric  acid.  This  latter  acid  forms  with 
bases  only  a  single  scries  of  neutrsi!  salts,  that  is  to  sav,  tlio  monobasic 
nitrates;  wheniLS  ]ihos])horic  acid  produce  with  bases  thrw  distinct 
series  of  ntutml  salts,  namely,  the  monobasic  metaphosphates,  the 
bibasic  p\  ru|ph()spliates,  and  the  ordinary  trilwsic  ph<»phat<s. 

"  jSnntiarly,  alcohol  produces  with  acids  only  a  single  series  of 
neutral  compounds,  namely,  tlie  Ethers,  funned  by  the  union  of  one 
equivalent  of  alcohol  with  oncf  equivalent  of  acid ;  whereas  glycerine 
forms  with  adds  three  distinct  series  of  neutral  compounds.  Among 
these  compounds,  some  result  from  the  union  of  one  equivalent  of 
glycerine  with  a  single  equivalent  of  acid,  and  correspond  to  the  meta- 
phosphates ;  others  result  from  the  union  of  two  equivalents  of  acid  and 
one  e^piivalent  of  glycerine,  and  correspond  to  the  pyrophosphates; 
whilst,  finally,  the  third  class,  Identic  with  the  natural  fiitty  bodies^ 
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result  from  the  action  of  one  (H^nivalent  of  glycerine  with  three  eqiuva> 
lents  of  acid,  and  correspond  with  tlie  ordinarv  ])hosphat^s. 

**MM.  IVrthelut  and  De  Luca  undertook  the  investig;ition  of  a 
certain  niiinlnji  nf  double  and  triple  comjKmnds,  which  result  tirom  the 
simulianeoud  union  of  one  equivalent  of  glvcerine  with  two  or  even 
with  three  different  acids ;  these  complex  compounds  are  so  nmvh  the 
more  iiitere«tin<T,  that  th(Mr  analogues  are  found  among  the  natural 
fatty  bodies.  'I'he  compounds  of  this  order  are  easy  of  ])roduction,  it 
being  only  necessarv  to  act  upon  glycerine  with  sev('ral  acids  at  once. 
The  results  at  which  the  authors  arrived,  conipK-U'  the  study  of  the 
glycerine  compounds,  considered  as  derivatives  of  a  triatomic  alcohol, 
oonstituting  the  most  complete  and  most  general  type  which  )ms  ever 
been  made  known,  of  the  compounds  formed  by  three  adds  combined 
with  glycerine,  either  wngly,  doubly,  or  triply. 

MM.  Berihdot  and  I>8  Luca  have  {)re|>ared  a  neutral  oompoond, 
which  contains  glycerine,  biomhydric  acid,  and  chlorbydric  acid; 
another  contaming  glycerine,  chlorhydric  add,  and  acetic  acid;  a  third, 
contaming  glycerine,  biomhydric  acid,  and  acetic  acid.  They  have  alao 
prepared  several  intermediate  compounda ;  and,  finally,  they  iiave  pro- 
cured a  compound  which  contains  at  the  same  time  glycerine,  chlor* 
hydric  acid,  htomhydric  acid,  and  acetic  acid,  and  which  is  the  first 
compound  ever  prepared  in  which  three  different  adds  are  combined 
with  a  single  equivalent  of  glycerine. 

M.  C&vreul  earnestly  pressed  upon  the  notice  of  the  Academy  the 
importance  of  thi4  new  discovery,  declaring  it  to  be  unprecedented^  and 
as  throwing  a  flood  of  light  upon  the  constitution  of  glycerine." 

No.  a. 

Tab  Comfounds  formed  by  Glyceiuxe  with  Chlobbtdric,  Broh* 
HTDBic,  AND  AcffTic  AciDS.  By  MM.  Bebthklot  and  Db  Luca. 
Comptes  SenduBf  17th  Augost,  1857. 

•*  After  different  attempts  to  form  complex  compounds  by  the  succes- 
sive reactions  of  two  or  three  distinct  adds  upon  glycerine,  we  were 
led.  In  order  to  avdd  the  fbrmatioii  <^  very  com^^cated  mixtures,  to 
cause  the  adds  to  act  upon  the  glycerine  simultaneously  and  in  ihe 
nascent  state.  We  produced  the  above-named  adds  in  equivalent  pro- 
portions, and  at  the  cost  of  the  glycerine  itself,  by  treating  that  body 
with  acetic  chloride  and  acetic  bromide.  It  is  known  that  these  last 
compounds,  when  treated  with  water,  reproduce  acetic  add  in  company 
with  chlorliydrlc  or  bromhydric  add : 


»  In  my  notation  =  C*H»  CIO  +  H,HO  =  H,CTPO«  +  Ha.— J.  J.  0. 

2  c  2 
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"  The  ruction  of  tlicse  bodies  upon  glycerine,  even  when  cold,  is 
extremely  violent.  By  operating  upon  pure  glycerine,  and  sometimea 
upon  glycerine  mixed  with  acetic  Bcid,  we  have  obtained : 

AceUxIicklorhydrine ; 

C"'H*aH>*  =  CWCf  +  CH*0*  +  aHCi  -  6H0, 

a  neutral  comfKJund,  volatile  at  about  205  C,  decomposable  by  barj'tes 
\vith  regeneration  of  gl)  cerine ;  by  alcohol  and  chlorhydric  acid  with 
fonxiation  of  acetic  ether; 

Acetochlorhydnne : 

CS»*^»C10»  =  Cli'O' +  C*HH>* -f.  HCl  -  4HO, 

a  aeuLiai  body,  volatile  at  about  250°  C. ; 

DiacetochlorJiydi'ine : 

C'^H^aO'  «  Cfmf  +  aC*H*0*  +  HCl  -6H0, 

a  body  whidi  volatilizes  at  about  245°  and  wliich  it  is  diificuit  to 
obtuin  frco  from  triacotine. 

**  The  acetic  bromide  gives  origin  to  analogous  compounds  whicii  it 
did  not  appear  to  be  necessary  to  examine  in  detail. 

"Finally,  glycerine,  treated  by  a  mixtoie  of  equal  equivalenta  of 
acetic  chkuide  and  acetic  biomide,  has  fbmished : 

Acetocldorhydrdbrornhyd'iine : 

C"H»ClBrO*  =  (mny  +  C*HW  +  na  +  HBr  -  6H0, 

a  neutral  compound,  volatile  at,  about  228  C,  and  the  first  compound  in 
which  three  distinct  acids  have  been  found  combined  at  the  same  time 
with  a  single  equivalent  of  glycerine. 

According  to  these  &cts,  and  to  those  which  we  have  already  pnb> 
liahed,  the  tlu^  adds,  chlorhydric,  bromhydriCf  and  acetic,  can,  by 
combining  with  glycerine,  produce  at  least  nineteen  distinct  neattal 
compounds^  of  which  the  following  Is  a  list  v-^ 
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•*  This  is  the  most  complete  type  that  has  ever  bi-en  developed  ly 
experiment  of  the  complex  compounds  which  am  be  prodiiceil  by  a 
triatomic  alcohol.  Coml)inations  of  this  onler  are  always  ])rL<iuct3d 
when  we  act  upon  glycerine  with  two  acids  at  once.  It  was  thus  that 
one  of  us  had  ]>n'viously  obtained  acetochlorhydrine  by  the  simult;iiit?otis 
action  of  chloihxdric  and  acetic  acids;  benzochlorhydrine,  valexochlor- 
hydrinef  stearociiloriiythine,  biityrochlorhydrine,  etc.  By  acting  upon 
glvccrine  with  a  mixture  of  butyric  and  sulj)huric  acids,  we  have 
obtained  a  neutral  coni}x«  lUKi  which  can  be  considered  iti  a  mixture  uf 
equal  |>ait.s  of  tribiit} niu  and  of  a  glycerine  fortneU  conjointly  by  Uie 
two  acids,  butyric  aud  sulphuric, 

The  Dibutyrosulphurine : 

C"H"SO*  «  CHW  +  2<?H«0*  +  SO*H  -  6HO. 

"  Tliis  explains  a  i^reat  number  of  facts  that  are  observed  in  the 
studv  of  natural  fattv  Ixxlies,  and  notablv  the  existence,  siinialis^'^l  !  v 
MM.  Teiouze  and  Boudet,  of  certain  crystallisablc  comph-x  ])roduct.s  in 
which  glycerine  is  combinc\l  at  tlie  same  time  with  two  tatty  acids. 
All  these  phenomena,  tlie  theoretical  interpretation  oi  v\  h;cii  Ims  hitherto 
been  obscure  and  incomplete,  can  now  be  explained  by  the  properties  of 
])oly atomic  alcohols,  in  a  macner  the  most  simple  and  most  confonuabl^ 
to  analogies. 

To  all  the  richer— all  the  wiety  of  OOmTXKIlMiS  '  of  wiudi 
this  theoiy  pennita  us  to  foresee  the  existence,  it  suffices  to  cite  the 
following  nnmben:  glycerine,  on  combining  with  n  adds  in  equal 
equivalents,  forms  n  neutral  compounds;  mSx  a  equivalents  of  these  a 

adds,  taken  i  to  i,  or  a  to  a,  it  can  form    ^1  ^      neutral  com- 

I  ^a 

pounds;  with  3  equivalents  of  these  n  acids,  taken  i  to  i,  a  to  a, 

»  (71  +  i)  (n  -f  2) 
3  to  3,  it  can  produce  — ^ — —   \  neutral  oompoimds.  If  we 

admit  the  existence  of  a  thousand  distinct  adds,  a  number  that  is  ccf- 
tainly  below  the  reality,  the  multitude  of  glycwine  compoonds  of  the 

t  i       ,  ^  looo.iooi.iooa  ,  . 

thud  order  will  consequently  be  equal  to  ,  that  is  to 

I  •  a  •  3 

say,  pret^  nearly  two  hundred  millions. 

We  see  to  what  an  almost  infinite  variety  of  complex  compounds, 
often  analogous  to,  or  identical  with,  certain  natural  substances,  we  can 
give  origin  by  combining  a  small  number  of  compounds  with  the  poly- 
atomic alcofaoW 


If  we  are  to  have  In  one  little  corner  of  chemistiy  *^  two  bundled 
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millions"  of  complex  compounds,  Ixxiring  sucli  nam 03  lis  chlorhy- 
drobromhydrine,  brnnifivdrodichlorhydrine,  clilorhvdnxliliromlivdrine, 
acetochlur!iv(lrobromh\  di  inn,  and  dibutyrosulphui'ine,  and  having  these 
names  expUnned  by  sucii  awkward  squads  of  symbols  a,s  constitute  the 
*'  unitary"  rnrnuite,  which  I  have  qiiotcxl  on  page  389,  heaven  help  the 
future  student  of  chemistry,  and  give  him  a  longer  life  and  a  better 
memory  tlian  is  allotted  to  mortal  man  in  these  days ! 

If  tile  discovery  of  these  compounds  throws  so  extraordinary  a  ll u  mI 
of  light  over  the  constitution  of  glycerine,  why  is  it  that  MM.  iiertlu  lut 
and  De  Luc;i  li.ive  not  dissected  their  unitary  formidffi  into  rational 
formuhe?  If  that  dissfction  is  neglected  while  chemists  are  enlightened 
by  tliis  llood  of  light,  how  is  it  ever  to  be  etil'cted  aftei wards?  Why 
have  tliese  gendemen  not  favoured  us  with  an  interpretation  of  the 
fiMrmuke  C'^H'ClBrO*,  which  is  assigned  to  the  compound  called  Aceto 
clilorlijdrobRXiihydriDe,  and  of  which  compound  it  is  said,  that  it 
ooDtains  at  the  same  time  glycerine,  chlorhydric  add,  bromhydric  add, 
and  acetic  add,  and  is  the  fost  compound  ever  prepared,  in  which  three 
diflfenent  adds  are  combined  with  a  single  equivalent  of  glycerine  T* 

As  the  aathoTB  have  not  answered  that  question,  I  will  answer  it 
Acetochlorhydrobromhydnne  does  not  contain  glycerine,  it  does  not 
contain  chlorhydrtc  add,  it  does  not  contain  biomhydric  add,  it  does  not 
contain  acetic  acid ;  and  yet  it  is  said  to  contain  all  four.  Here  w^e 
come  upon  a  question  of  fact,  and  that  question  must  be  settled  before 
we  have  any  talk  about  theoriBS,  The  authors  take  four  hydrated  adds, 
which  acids  have  among  them  six  replaceable  atoms  of  hydrogen, 
which  hydrogen  is  indispensable  to  the  completion  of  the  acids,  as  adds, 
and  cannot  he  separated  £rom  tliem  without  terminating  their  existence,. 
cts  acids.  The  authors  separate  from  these  four  adds  all  the  six  atoms 
of  hydrogen,  in  comj«uiy  with  three  atoms  of  oxygen  belonging  to  the 
acetic  and  the  glyceric  acids,  and  they  then  combine  together  the  residues 
of  the  f(jur  acids  left  by  the  abstraction  of  these  nine  essenti;il  atoms, 
and  having  done  that,  they  affirm  that  this  compound  of  the  luiir  residues 
contains  in  fact  all  the  four  acids  with  which  they  commenccil  r  [  i>  rations. 

This  method  of  philcK«iophTsing  reminds  nie  of  a  joke  to  l»e  iound  in 
the  pages  of  our  old  friend  Joe  Miller.  You  take,  according  to  his 
recommendation,  the  word  **  majesty."  You  abstract  the  two  ends  of  it, 
and  having  thus  produced  the  residue,  **a  jest,"  you  insist  that  this 
residue  is  still  "  majesty,"  only  minus  its  externals.  In  like  iiuumer, 
our  authors,  in  the  present  case,  take  the  formula  HCl,  which  represents 
hydrocloric  acid ;  they  remove  H  and  leave  CI,  and  then  they  insist 
that  the  residue,  CI,  is  still  hydrochloric  acid,  having  only  undergone 
the  trifiuig  abstraction  of  its  external  hydrogen.  The  blunder  which 
is  committed  by  these  gentlemen  is  tliat  of  treating  the  iveqatitb 
BAmcAis  of  adds  as  if  £ey  were  the  sahb  THnros  as  the  acids  in  ▲ 
STATE  OF  ooupUETBms,  and  the  blunder  is  one  that  vitiates  the  whole 


Digitized  by*^)o^Ie 


THE  DOCTRINE  OF  POTTATOHIC  JLLOOHOLB. 


train  of  their  reasoning.  In  acctochloih}  (lrobromhyclrine,  instead  of 
having  the  four  complete  acids  which  are  stated  to  Iw^  its  constituents, 
wo  have  only  the  radical  C*H*,  the  radical  C*IP,  the  radical  CI,  and  the 
radiail  Br,  with  two  remaining  atoms  of  oxygen.  The  siniplebt  ratiODal 
formula  for  a  compound  containing  only  tliese  residuet}  is, 

C?H»,BfO  +  C»H»,aO; 

according  to  which  formula  the  com[X)und  is  a  combination  of  oxychlo- 
ride  of  acetyl  with  oxyhromide  of  glycvl,  and  it  contains  iK»t  one  of  the 
four  acids  which  we  are  desired  to  believe  to  Ixi  collectively  contained  in 
it.  To  offer  such  a  compound  as  this,  as  evidence  of  the  truth  of  the 
tiieory,  that  gljfomne  is  a  Uratomh  dhohai,  iohioh  can  combine  at  once 
wOh  three  efferent  adds,  is  to  sappose  that  we  have  lost  the  power  to 
obserre  fiicts,  and  the  right  to  judge  of  iheir  relations.  If  scientific 
academicians  admit  sach  theories  as  this,  proved  by  such  evidence,  to 
be  true  philosophy,  they  ought  to  be  punished  by  being  made  to  commit 
to  memory  the  two  hundred  millions  of  hard' words,  which  MM.  Ber- 
thelot  and  De  Luca  threaten  to  inflict  upon  us. 

But,  now,  let  it  be  underst<x)d,  that  I  am  making  no  objections  to 
the  experiment's  and  discoveries  of  these  gentlemen,  which  are  really 
valuable.  I  object  onlv  to  the  ridiculous  the<:)ry  of  ixjlvatomic  alcohols, 
by  which  the  in teq mutation  of  their  results  is  caricatured,  ^^'hf•n  the 
new  compounds  are  stripi^ed  of  tliese  dainty  devices,  we  perceive  tlieir 
value  and  utility. 

Here  follows  a  different  interpretation  of  the  20  compounds  described 
in  tiie  above  Table.  Several  of  them  have  been  already  inserted  at 
pages  374,  375,  namdy,  at  Nos.  36,  6,  34,  35,  14,  38,  and  26,  in  the 
list  there  printed ;  but  I  repeat  them  here,  to  &cilitate  the  comparative 
view  of  the  fonnuls  and  nomenclature  of  the  whole  set  of  oompoands» 
according  to  the  two  systems. 

1.  H,Cni^O*  -f-  HCl  .  . 

2.  H,CH>0«  -h  HBr  .  . 

3.  H,H,C"ff;CHW  . 

4.  OTSCIO  +  HCl  .  . 

5.  <7H»3iO  -h  HBr  .  . 

6.  C»H*,BrO  4-  HCl   .  . 

7.  H,(C'IPy;  CTPO*.  . 

8.  HX^H^O*  -h  CH^C10. 

9.  H,CWO»  4-  e'H^B^O 

10.  C^H^rbCl  4.  HCl  .  . 

11.  C^Ii^Br.Br  +  HBr  .  . 

12.  CHnk,Cl  4-  HCl  .  . 

13.  C4iT>r,Cl4-HBr  .  . 

14.  (C*H7;  C^H^O"    .  . 
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Hydra  glycylete  cum  hydra  chlora. 
Hydra  glycylete  cum  hydra  bruma. 
Hydren  acetyla  glycylote. 
Glycyla  chknate  cnm  hydra  chlora. 
Glycyk  bromate  cum  hydra  broma. 
Olycyla  bromate  cum  hydra  chlon. 
Hydra  acetylen  glycylute. 
Hydra  glycylete  cam  acetyla  chlorate. 
Hydra  glycylete  cum  acetyla  bromate. 
Chloric-glycyla  chlom  cum  h\ dra  chlora, 
Bromic-glycyla  l^roma  cum  hydra  broma. 
Bromic-glycyla  chlora  cum  hydra  chlora. 
Bromic-glycyla  chlora»cum  hydra  broma. 
Acetyline  glycylaze. 
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1 5.  0'H^C10  -h  eir,C«H»0'  Glvcvla  chlorate  cum  acelyk  aoetylite. 

16.  (7IP,BiO-f-  C']^^C«H■0■  Glycvla  bromate  cum  acedia  acet^Iite. 

17.  0*lP,CIO  -f  C*IP,C10 .    Glycvla  chlorate  cum  acetyla  chlorate. 

18.  (.'=*H\BrO  4-  C*H^Br<>    Glycyla  bromate  cum'acetyla  bromate. 

19.  C"H^BIO  <f  CH%C10    Glycyla  bromate  cum  aoetyla  chlorate. 

aa  (7H^S0»  +  C*H^C^H^0»Glyq^la  sulphite  cum  butyrylabuty^ 
[In  this  Tat^e  H  »  i,  C  =  xa,  O  s  16.] 

These  formiilm  do  not  exhibit  the  s]ic;lltt's^  trnce  of  the  exititcnce  of  a 
teratomic  alcohol ;  but,  on  tlie  other  hanil,  the  ck)ud  of  smoke  produc(xi 
by  the  unitary  formula?  beinir  cleared  away,  we  jXTceive  that  the  com- 
pounds are  all  doul>le  salts  ul  very  dehoite  and  intelligible  constitution, 
I  neeil  not  re|x>at  the  arguments  that  have  been  already  m-getl,  but  will 
c^jnfine  niys«'lf  to  a  few  explanatory  notices.  Nos.  r  and  2  an}  com- 
pounds of  monobasic  gK  cylic  acid  with  hydrogen  acids.  1  might  with 
much  safety  declare  that  glycylic  acid  is  allylic  acid ;  for  these  com- 
pounds go  far  to  prove  that  allyl  and  glycyl  are  identic.  Nos.  3,  7,  and 
14,  are  the  three  acetineB*  whidi  have  be^  folly  diacaflaed  at  Nob.  6, 14, 
and  26  of  the  former  seriee.  4,  5,  and  6,  aie  compounds  of  oxychloride 
and  oxybfomide  of  glycyl  with  hydrogen  acids.  8  and  9  are  compounds 
of  monobasic  glycylic  add  with  ozychknide  and  ozybromide  of  acetyl, 
xo,  ir,  13,  I)  are  bichlorides,  bibromides,  &c  of  chloric^lycyl  and 
biomic-glycyl,  that  is  to  say,  of  glycyl  in  which  has  been  replaced  by 
CP  or  Bt^,  This  vioe-radi^  is  analogous  in  its  constitution  to  the 
bromio-phenyl  and  cblorio-phenyl,  which  occur  in  the  aniline  series.  See 
page  376.  1 5  and  16  are  compounds  of  oxy chloride  and  oxybromide  of 
glycyl  with  anhydrous  acetic  add.  17,  18,  and  19,  are  all  pairs  of 
compounds  of  oxychloride  and  oxybromide  of  acetyl,  with  oxychloride 
and  oxybromide  of  glycyl.  No.  20  represents  a  double  anhydride,  each 
containing  two  acid  radicals  and  consequently  three  atoms  of  oxygen.  It 
will  be  seen,  that  the  theoretical  views  which  I  have  explain^,  g^ve  a 
reason  for  the  quantity  of  oxygen  which  is  pivsent  in  each  componnd, 
and  for  its  allotment  to  special  salts.  According  to  the  unitary  system, 
the  quantity  of  ox\T'r^n  which  remains  in  each  comjx)und  is  simply  what 
the  hydrogen  did  not  r&iuire  for  its  conversion  into  \vat(  r ;  but,  accord- 
in::^  to  mv  view,  the  oxygen  that  ri'inains  is  that  wliich  is  demanded  by 
the  number  and  the  chemical  jx)wers  of  tlie  residual  radicals. 

If  the  chemical  quaternions  which  a[){>ear  in  the  above  list  were 
really,  as  MM.  Bertiielot  and  De  Luca  describe  them,  quadruple  hy- 
drated  acids,  it  would  be  indeed  a  marvellous  thing  that  so  many  of 
them  sliould  be  perfectly  neutral.  But  when  we  perceive  that  these 
neutral  conipountls  ai'e  anhydrides,  and  reflect  that  even  the  sulphuric 
anhydride  is  neutral,  the  wonder  ceases;  and  we  j)erceive  that  the  n^- 
movtU  irum  the  compounds  of  the  basic  hydrogen  is  the  removal  of  the 
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clioniical  power,  by  means  of  which  the  acidity  of  tlio  hyvlialed  acid  was 
made  manifest.  Hence  it  is  coiisiijtent  with  all  analogies,  that  such 
compounds  as  Nos.  i  5  to  20,  each  formed  by  f(^ur  acids,  should,  after 
abandoning  3HHO,  become  perfectly  neutral.  Let  it  be  remembered, 
however,  that  these  oompounds,  though  formed  by  four  adds,  do  nol 
oontom  fbor  adds. 


NiTBO-OLYCEiUNE. — A  sote  by  Professor  Williamson  on  this  com- 
pr  iind  appears  in  the  Proceedings  of  the  Royal  Society  for  June  15, 
1854.  By  acting  on  glycerine  with  a  mixture  of  ni^c  and  imlphiiric 
addt  he  prodaoed  a  oompoond  of  the  following  oonstitntioD : 

He  considers  that  ^H  in  glycerine  are  replaced  bv  3  NO*.  On  boiling 
this  comjjoimd  with  a  concentrated  solution  of  jKiULsh,  it  produced  gly- 
cerine and  nitrate  of  potash.  See  Railton's  Nitroglycerine,  No.  43, 
page  385,  with  which  Wiliiamaon'a  nitroglycerine  is  ictentic 

Hence  it  appears  that  Professor  WiHiamson  was  on  the  point  of  dis- 
coming  m  1854  those  relations  of  glycerine  to  adds,  which  Bertfadot 
and  De  Luca  baie  been  engaged  in  deu  rmining  since  that  period. 

At  Nos.  42  and  43,  I  havu  formulated  nitroglycerine  as  if  it  contained 
a  aotic  vice-radical,  which  is  the  view  that  best  accords  with  the  com- 
monly-received opinion  of  its  constitution  ;  but  the  recent  experiments 
of  ^TM.  "Rerthelot  and  T^<'  Luca  point,  I  think,  to  condnsions  that  are 
more  accurate,  and  which  may  be  expressed  as  lollows : 

Ko.  43t  De  Vrij*s  Nitroglycerine : 

=  {^'So^l  =  G»y"TJ»  ni««>te  enn»  hydia  nitrite. 

No.  43»  Willianison  and  Railton's  Nitroglycerine: 

"IN  NO*J  ~  "v^y^  nitrote  cum  nitra  mtrute. 

Hence  No.  42  is,  in  Berthelot's  language,  Binitiine,  and  No.  4^  if 
Ternitrine.  We  have  yet  to  find  Mononitrine,  the  formula  of  which  will 
be,  H.CTHK)^  4.  H,NO*.   Expressed  synoptically,  these  three  salts  aie: 

Mononitrine  =  H,H,N  ;  CHW. 
Binitrine  =  H,]S,N  ;  CH^O^ 
Ternitrine    =  N,N,N ;  CHX^. 
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Theory  of  Folybasic  and  Conjugated  Addfi. 

Chemists  liavu  divided  the  salts  of  organic  acids  into  three  classt-s, 
which  are  said  to  contain  one,  two,  or  three  equivalents  of  base  combined 
with  one  eqmvHlent  of  add.  This  classification  is  so  simple  as  to  seem 
dear  of  all  difficaltiea;  but  when  we  examine  the  fiustn,  we  find  that  the 
distribution  of  salts  into  these  three  classes  is  imprscticable.  Oerhardt 
and  other  chemists  hatre»  it  is  true,  provided  their  disciples  with  sbnnd* 
anoe  of  rules  for  discriminating  these  diflfemt  dssses  of  adds  hom  one 
another.  ButGnic  Iin — that  master^iii  amoog  systematic  dieniis(|| — 
while  explaining  and  illustrating  these  rules,  nullifies  them  all  in  one 
short  condemnino;  sentrnce.  "  It  is  difficult,"  he  says,  **  to  decide  with 
anv  (l»«fr,H»  <)f  certainty"  \_wifh  any  degree  of  certainty  ^.^  '*  whether  the 
ioiiuuia  ui  an  acid  shoiilfl  Ik-  so  written  as  to  mnkf  t!io  acid  monobasiCf 
or  t\\  ico  as  gn  at  so  as  to  it  }»ibasic,  or  thrc^-  umes  m  great,  SO  as 

to  mak<-  it  kTba^ic." — {ILinrMMjok  of  C/vmistry^  1852,  vii.  198.) 

The  law  of  simplicity,  which  nature  always  obeys,  exacts  from  philo- 
sophy the  simplest  possible  interpretation  of  every  phenomenon.  If  a 
chemical  Act  can  be  explained  bj  rderenoe  to  two  chemical  atoms*  it  is  a 
Tiolatien  of  the  law  of  simplidtj  to  explain  it  by  reference  to  four  or  to 
mx  atoms;  and  this  vidatton  of  a  fnndamental  )aw  ought  not  to  occur 
unless  en^rced  by  overpowering  fiicts.  If  it  is  possible  to  explain  the 
constitution  of  stilts  l)y  reference  to  monobasic  acids,  it  is  wrong  to 
resort  to  bibasic  acids  or  to  terbasic  adds,  or  to  any  other  irregular  or 
complex  form  of  combination.  The  existence  of  such  irregular  com- 
pounds ought  only  to  be  admitted  when  proved  by  stringent  evidence. 

But,  according  to  Gmelin,  manv  of  these  ]X)lybasic  acids  are  sup- 
port' d  by  no  evidence  whatever.  Thev  aro  imt  facts  in  chemistry,  but 
coiitiivance»s  in  arithmetic.  Yon  m  ikr  i  hk  in  •lyasic  acid  into  a  bibasic 
acid  by  doubling  its  formula.  You  nuikt  it  inu>  a  t<rb;isic  acid  by 
tripling  its  formula.  And  **  it  is  difficult  to  decide  witli  any  degree  of 
certainty"  whether  the  effects  produced  by  this  multiplication  are  right 
or  wrong* 

There  can,  at  any  rate,  be  little  difficulty  in  dedding,  whether  the 
practice  of  such  manoeuvres  is  right  or  wrong.  The  law  of  simplidty 
forbids  it.  The  doubling  and  tripling  of  fennnke^  when  not  commanded 
by  facts,  and  when  resorted  to  for  the  purpose  of  bolstering  up  theories 
that  are  supported  by  no  other  evidence,  is  a  tridc  wliich  men  of  sdenoe 
should  scorn. 

If  it  is  **  difficult  to  decide  laith  any  rlyree  of  ceiiatnty,'^  whether  an 
acid  with  a  donblcd  or  tri|>l<'d  formula  is  really  l)ilxLsic  or  terl^isic,  no 
benefit  can  be  derived  iroin  tiie  acceptance  as  ri-alitiMS  of  conijK>unds  so 
purely  hypothetical ;  for,  alter  we  have  maaulacuired  tiiem,  we  cannot 
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saff^lv  nsf  tlioin,  being  placed  in  the  imsriontific  predicament  of  fionndering 
amidst  uiiCiTtainties.  It'  acid^  are  truly  polybasic,  plain  facts  will  l>e 
forthconiiiig  to  jjrovo  it.  If  polybasic  acids  are  phantoms,  iindiscover- 
able  in  nature,  unsupported  bv  experiment,  and  resulting  onlv  i'vom  the 
duplication  or  triplication  of  the  furmul.T  of  monobasic  acids,  the  recog- 
nition of  such  things  as  scientific  iacts,  is  a  mockery  of  scientific 
exactness. 

Left  US  egounine  these  so-csUed  polybasic  adds  with  a  detenniiudaoii  to 
find  oat  what  they  really  are.  We  resolve  beforehand  not  to  be  de- 
ceived  by  the  xnaaqnerading  habits  in  which  mobs  of  atoms  may  be 
attired,  to  play  the  part  of  daws  in  borrowed  plumes.  When  we  come 
11^^  a  terbasic  acid  whose  statos  seems  to  dep*  nd  u{K>n  a  formula 
written  three  times  as  great  '*  as  that  of  a  monobasic  acid«  or  upon  a 
bibasic  acid  whose  letters  of  recommendation  are  '*  twice  as  great"  as 
those  of  a  mnnobasic  acid,  wo  will  examiivc,  \\'lK>ther  tliese  pretr^ntious 
bodies  are  actually  polyliasic  acids,  or  onlv  thinirs  that  are  made  to 
appear  like  polvl»asic  acids  by  the  force  of  cumulative  S}T2ibols ;  we  will 
ascertain  whether  they  are  oljjects  in  nature,  or  contrivanc(\s  of  art; 
whether  they  have  been  discovered  in  the  laboratorj',  or  invenled  at  thti 
writing-desk.  In  other  words,  we  will  endeavour  to  determine  whetlier 
there  really  exist  such  compounds  as  polybasic  acids,  or  whether  all 
adds  are  not  invariably  and  absolutely  monobasic  The  theory  of  the 
constitution  of  salts  ought  not  to  remain  in  the  state  of  dreary  doabtfiil* 
ness  in  which  Gmelin  represents  it  to  be.  Chemists  must  either  pro9$ 
that  polybasic  adds  are  pohfbamc — absolutely  and  unquestionably  poly- 
basic>  and  not  polybasic  by  convention  upon  the  strength  of  trimmed  ^ 
formula; — or  they  must  cease  to  use  a  term  which,  on  the  £iiiure  of  such 
proof,  must  1x'  held  to  countenance  an  illiLsion. 

For  mv  part,  1  reject  the  comnionlv-received  d(^ctrines  respecting 
polybasic  ticids  in  fofa,  and  I  lu^pe  t/>  aljle  to  ynx>ve  to  tlie  reader  tliat 
tiiose  doctrines  nrc  unworthv  of  credit.  A  salt,  as  I  understand  that 
term,  is  a  compound  of  two  radicals,  which  may  be  either  simple  or 
compound,  oxidised  or  not  oxidised,  but  each  of  which  radicals  nuL^t  be 
equivalent  to  one  volume  or  one  atom  of  hydrogen.  I  do  not  admit  tliat 
one  add  radical  can  combine  directly  with  two  or  with  three  baaic 
radicals,  nor  that  one  basic  radical  can  combine  directly  with  two  or 
with  three  add  radicals.  The  saturating  capadty  of  a  radical  nev«r 
changes.  It  is  alwajrs  equal  to  the  equivalent  of  one  volume  of  hydrogen. 
I  admit,  nevertheless,  that  salts  exist  which  contain  unequal  numbers  of 
basic  and  add  radicals,  and  I  explain  that  &ct  by  the  following  hypo* 
thesis: 

Let  B  =  any  Basic  radical. 
A  s  any  Acid  radical. 


The  formula  li     A  represents  most  of  the  salts  with  which  we  are 
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acqtiainted,  snch  as  the  sulphates,  the  oxalatc^s,  the  acetates,  the  ben- 
zoatos,  and  other  nonnnl  salts  of  monobasic  acids.  I  make  it  here  a 
question  nf  the  conibuuition  of  two  radicals,  leaving  the  oxygen,  both  as 
regai'da  Its  (juantitv  and  itji  distnhiitiun,  entirely  out  of  considenition. 

The  normal  .salt  U  4-  A,  I  consider  to  Ije  able  to  act  as  a  basic  radical 
against  A,  an  I  as  an  acid  radical  against  B.  Hence  B  +  -'^  com- 
bine u  iili  til..-  iudicai  B,  and  produce  the  compound  salt  BA  -}-  B.  In 
tills  manner  the  carbonates  are  ])roduce<l.  See  page  183.  These  salts 
are  bibasic  mid  monacid.  In  the  same  way,  the  normal  salt  B  -f-  A  can 
combine  with  the  radical  A,  and  produce  the  compound  salt  A  4-  BA, 
In  this  manner  we  obtain  the  hyposulpbatCB.  See  page  172.  These 
salts  are  monobasic  and  Uadd*  Thus,  we  have  a  clear  distribution  of 
salts  ioto  three  classes : 

Bibasic  and  monacid  =  B,BA. 

Normal  =  BA. 

Monobasic  and  biacid  =  BA,A. 
• 

These  three  classes  of  salts  are  distinguishable  by  analysis,  and  present 
no  nnoertainties.  The  cloud  which  everlastingly  envelops  the  com- 
pounds of    acids  and  bases,"  disappears  when  you  look  at  the  salts 

through  the  medium  of  the  radical  theory.  You  then  perceive  the  true 
nature  of  double  salts,  not  only  of  those  which  are  biacid  and  bibasic  in 
the  sense  wiiich  I  have  just  explained,  but  of  these  whicli  are  at  the  same 
time  bibasic  and  biacid,  or  which  are  double  salts  in  the  ordinary  sense 
of  tliat  t^  rm  ;  sucli  as  tlie  sulphites,  the  bisul|)hates,  and  the  phosphates. 
In  the  preceding  jjages,  I  have  thoroughly  investigated  the  constitution 
of  these  several  classes  of  salts ;  and  in  the  article  on  the  phosphates,  I 
have  especially  shown  in  what  manner  the  acids  tliat  are  commonly 
called  l»ihasic  and  terbasic,  may  l  e  reconciled  with  the  theory  which 
admits  of  none  but  monobasic  acids,  or,  to  s])eak  more  accurate] v,  with 
the  theory  which  assumes  that  every  radical  has,  under  all  circumstances, 
the  Siitui  ating  capacity  of  a  single  volume  of  hydrogen — a  chemical  power 
which  nothing  am  increase  nur  diniini>h. 

Undoubtedly,  the  bibasic  phos])liates  contain  tico  basic  radicals,  and 
the  terbasic  phosphates  contain  three  biisic  radicals,  to  each  .wt(/le  acid 
radical,  pro\ided  you  nan'ow  the  meaning  of  the  term  acid  radical  so  as 
to  make  it  include  only  the  phosphorus  of  these  salts.  But  I  am  for 
giving  to  the  term  acid  radM  a  wider  signification.  The  radicals  which 
occur  in  the  phosphates,  exdm^ve  of  phosphonis,  are  hydrog<  n,  metals, 
and  hydrocarbons.  Kone  of  these  radicals  are  necessarily  incom|>etCTt  to 
act  the  part  of  acid  radicals.  X  have  shown  that  hydrogen,  under  the 
force  of  one  set  of  circumstances,  can  act  as  an  acid  radical  just  as 
decidedly  as,  under  the  force  of  another  set  of  circumstances,  it  can  act 
as  a  basic  radical.  In  water — ^if  the  formula  H  +  HO  is  accepted  as  its 
model — hydrogen  acts  both  as  a  basic  radical  and  as  an  acid  radical ;  and 
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in  the  consequences  which  flow  firora  the  adoption  of  this  model,  we 
have  ample  evidence  of  the  ftct,  that  what  we  call  bBsidty  and  addi^ 
are  qualities  that  are  lelatiye  and  not  absdliite ;  to  that  either  of  them 
may  be  justly  applied  to  the  same  radical  placed  under  the  action  of  ^ 
ferent  chemical  ^Mcea.  Thus,  in  hydrate  of  lime  s  Oa  +  HO,  the  cal- 
ctnm  18  a  basic  radical,  while  in  quicklime  =  Ca  4-  CaO,  tlio  oxidised 
atom  of  calcium  is  in  the  condition  of  an  add  radical  If  Qa  4-  CaO 
comes  into  reaction  with  H  +  HO,  double  decgmpoBitioii  occurs,  and  the 
basicity  and  ncidity  of  the  fonr  radicals  are  so  changed,  that  ]x)th  the 
gjUam  of  Ca  become  basic,  and  both  the  atoma  of  H  become  acid: 

Cb,CaO  +  H,HO  »  Ca30  -h  Oa,HO. 

r 

This  hypothesis  is  in  accordance  vnth  the  electro-chemical  theory,  and 
commands  all  the  sup]>ort  whicli  tliat  theory  can  give  it. 

According  to  this  method  of  viewing  the  relationsfiips  of  radicals,  the 
salts  that  are  called  terbasic  phosphates  and  bibasiu  phosphates,  are  not 
to  be  considered  as  compotmds  respectively  of  three  atoms  of  base  and 
two  atoms  of  baae  with  one  atom  of  add,  bat  as  double  and  triple  salta 
in  which  the  number  of  bade  radicals  and  add  radicals  is  in  all  cases  the 
same.  Thus: 


KO  4-  POO  The  mouobusic  phosphate,  a  single  normal  salt* 

KG  4-  POO  I  '^^^  terbasic  pho^hate,  ;i  1  uWe  salt,  con- 

-4-  KO  (  ^^^S  ^  monobasic  phosphate  and  a  salt 

^  on  the  model  of  water* 


^  KO^}!  '^^^  hibasic  phosphate,  a  triple  salt,  containing 
:  ry/^n}  I     both  the  above  variettes. 


KO  4-  POO 


I  have  entered  so  fully  into  details  respecting  the  constitution  of  the 
Phosphates,  in  the  article  given  at  page  138,  that  I  need  only  to  refer  to 
that  article  for  farther  explanations,  and  for  evidence  of  the  fiu  ts.  The 
conclusion  to  which  I  wish  to  bring  tlie  reader's  attention  is,  that  if,  its  I 
assume,  the  phosphates  are  multiple  salts,  built  up  of  normal  monobasic 
salts,  they  lend  no  support  to  tiie  oommonly-reodved  doctrines  respecting 
the  constitution  of  polybadc  oiganic  adoLs ;  so  that,  when  we  come  to 
examine  the  constitution  of  organic  acids,  we  are  not  to  be  led  astray  by 
the  intimation  that  this  acid  is  terbasic,  and  tiiat  that  acid  is  bilmsic, 
because  their  salts  agree  in  form  with  the  terbadc  and  the  bibasic  phos- 
phates, but  we  are  to  insist  that  every  add  which  claims  to  be  terbasic 
or  bibasic  shall  individually  supply  c\'idonce  to  justify  its  particular  claim. 
If  we  jnirsne  that  course,  I  expe<-t  that  we  shall  end  our  inquiry  by  prov- 
ing that  the  theory  0/  I*dyhasic  Acids  is  a  fallacy'. 
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Before  I  proceed  to  the  ciitical  analysis  of  bibjusic  aiid  tevbasic  acids,  I 
most  trouble  the  reader  with  a  glance  at  the  theory  of  conjugated  acids ; 
for  I  find  it  to  be  impossible  to  keep  the  details  respecting  polybasic 
acids  and  conjugated  acids  from  intermixture. 


Bisulphates  of  Alcohol  Badicals. 

The  positive  or  basic  radicals  of  the  vinyl  series  combine  with  sulphur 
and  oxygen  to  form  a  variety  of  salts, — sulphates,  sulphites,  &c.  In  each 
of  these  salts,  that  qiumtity  of  the  compound  iBdical  which  is  equivalent 
to  one  Tolume  of  hydrogen,  replaces  one  atom  of  hydrogen  of  tiie 
hydrated  actd,  and  produces  a  neatnd  salt;  such 


CTP.SO*    =  Sulphate  of  methyl. 
eH'',S(  )*    a  Sulphate  of  amy  1. 

«  C«H*,SO  4-  (?H%SO«/  *  Salpl»>te  of  ethyl. 

When  these  salts  are  gaseous,  their  atomic  measure  is  the  same  as  that 
of  their  poeitiye  iadic&,  beanise  neitiier  stdphtir  nor  oxygen  exhibits  any 
measure  in  gaseous  saltsw 

These  neatral  snlphates  and  sniphites  of  alcohol  radicals  have  the  pro- 
perty of  forming  donUe  or  add  salts  by  combining  with  an  equivalent  of 
hydrated  add.   Thus  we  obtain  sach  compounds  as  the  following : 

=  H  -  Cii*- (JSO*)*j  "  Bisulphate  of  methyl. 
=  H ;  CH'»y  (S0«)«/  *  Bisulphate  of  amyl 

=  C^H^bO  +  H,SO»f  ■  Bisulphite  of  ethyL 

Id  all  of  these  salts,  the  atom  of  H  is  re[)laceable  fay  any  other  basic 
radical,  simple  or  compound ;  by  which  replacement  it  is  possible  to 
prt  H I  uce  a  great  variety  of  salts,  in  accordance  witli  the  above  formulae. 

This  is  my  view  of  the  constitution  of  this  class  of  double  salts ;  but 
the  view  which  is  commonly  accepted  by  chemists  is  entirely  diflferent, 
and  it  is  into  the  investigation  of  the  propriety  of  this  difierent  view, 
tliat  I  have  to  request  the  reader  to  follow  me. 

According  to  the  common  opinion,  the  oxidised  sulphur  contained  in 
one  of  these  salts  is  directly  combined  witli  it3  oxidised  organic  radical, 
into  a  ''Conjugated"  ''Copulated"  "Coupled''  or  ''CoUigated"  AciD, 
which  acid  produces  salts  by  combining  with  HO  or  MO,  considered  a 
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a  Base.  Now,  I  deny  that  there  is  any  eyidenoe  to  prove  the  ibrmatioii 
of  sacb  Conjugated  Acids,  or  ^at  the  organic  radical  ever  acu  otherwise 
m  these  salts  than  as  a  basic  mdical,  neutralising  one-half  of  the  oxidised 
anlphur,  or  that  proportion  whose  hydrogen  it  replaces,  and  leaving  free 
for  action  the  other  half  of  the  oxidised  sulphur,  whose  hyrlroL^en  it  has 
not  replarod,  ;ind  whosp  saturating  capacity  it  has  not  nullided.  The 
problem  lor  d«'t<*rmination,  therefore,  is,  whether  the  alcohol  radicals 
whicli  are  present  in  tlio.se  salts,  act  as  Ixisic  radicals,  or  as  ingredients  in 
conjt((/ated  acid  radicah.  1  shall  confine  the  discussion  at  j)resent  to  the 
bisulphates,  leaving  the  investigation  of  other  sulphur  salts  to  other 
sections. 

The  following  formulae  are  written  according  to  my  notatioD  and 
atomic  weights : 

r^]p,s()«  +  TT,sr>»  =  H:  mp;  (so«)«. 

The  first  of  these  salts  is  the  doable  sulphate  of  ethyl  and  hydrogen.  It 
Is  commonly  called  the  sulphovinic  add*  Tlie  second  salt  is  the  doable 
aolphate  of  ethyl  and  potassium.  It  is  commonly  called  the  solphoTinate 
of  potash.  Their  names  according  to  the  new  nomendatore  are  as 
follow: 

H ;  CH* ;  (S(/)*  =  Hydm  ethvla  bisulphete. 
K ;  CH';  (SO*/      Potassa  ethyla  bisulphete. 

In  organic  chemistry,  we  find  a  multitude  of  sulphates  of  this  descrip- 
tion,  each  of  which  contains  ethyl  or  some  other  basic  radical  of  the  Tinyl 
series,  and  in  all  <^  them  the  basic  H  or  K,  is  replaceable  by  any  other 
metal  or  basic  radical,  piodudng  an  extensive  series  of  douUe  sulphates, 
agreeing  exactly  in  composition  with  the  double  sulphates  of  the  in- 
orgai^ic  kingdom.  See  page  150.  But  organic  chemists  are  not  content 
to  consider  the  sulphovinat<?s  as  double  sulphates.  That  would  be  in 
effect  the  accommodation  of  organic  chemistry  to  the  rules  of  innrrrnnic 
chemistrv,  whereas  it  a]>|M^r«5  to  >>e  an  article  of  iaitli  with  the  professor? 
of  ori^anic  chemistry  tiiat,  lic-fure  all  tliinir?^,  it  is  nrcessaiy  to  cut  an 
inipasaable  trench  between  the  two  dejjarrnients  of  the  science,  nhd  so 
prevent  their  intermixture.  Hence  tlie  "  conjugated  sulphates are  re- 
moved from  the  domain  of  inorganic  chemistry ;  each  of  them  is  assumed 
to  be  sometliing  diOereot  from  an  ordinary  bisulphate,  and  is  raised  to 
the  dignity  of  a  special  add,  and  made  the  heading  of  a  new  chapter  in 
every  book  on  organic  chemistry.  From  this  notion  arise  the  suI[>hovi]uc 
add,  the  snlphomethylic  add,  the  sulphamylic  add,  the  sulphophenylic 
add,  the  sulphethalic  add,  and  scores  of  others;  all  of  them  prolific 
sources  of  troublesome,  puzzling,  worthless  synonymes,  which  encumber 
the  books,  load  the  memory,  and  hinder  the  progress  of  the  science  wiiich 
thtiir  advocates  sarcasticaliy  make  pretensions  to  advance. 
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What  is  gained  bjr  the  sabdi vision  of  chemical  compoiindi  into 
innumerable  petty  fimiilies,  founded  upon  distinctions  without  difier^ 
enoes,  and  which  is  so  common  among  tlieae  conjugated  adds?  What 
la  the  gain,  beyond  perplexity  and  time-wasting?  The  excoses  com- 
monly made  for  this  practice  are  scsicely  worthy  of  serious  discussion. 
In  r^;aid  to  the  sulpliovinatea,  tlie  excuse  is»  that  a  solution  of  this  add 
gives  no  precipitate  with  a  solution  of  barytes,  and  therefore  it  cannot 
be  a  solution  of  a  sulphate.  The  fact  does  not  warrant  the  conclusion. 
What  tlie  sul})hovinic  acid  could  prcxliKv  }»y  dnnblo  docompositinn  witli 
a  ^It  of  barytf'S,  is.  thp  doiiltk'  sulpluile  of  barytes  and  ethyl,  which  \s  a 
soluble  salt  aiid  cuni><.'t]uontly  not  precij)itai)le.  To  conclude,  from  the 
non-precipitation  of  this  salt,  that  no  sulpliates  are  present,  is  to  set  all 
kiiovvk'dge  of  the  properties  of  double  salti  at  absolute  defiance.  This  ' 
is  not  reasoning ;  this  is  not  chemical  sdence ;  it  is  only  a  fashion  with 
omnic  chemists. 

But  ihia  excuse  is  bad  for  another  reason.  Tlie  action  of  inoiganic 
reagents  upon  the  radicals  of  inorgsnic  acids  in  the  presence  of  organic 
radicals^  is  almost  always  different  from  the  action  which  they  exercise 
when  none  but  inorganic  radicals  are  present.  This  is  the  case  not  only 
when  the  inorganic  adds  are  combined  with  Ixisic  organic  radicals,  but 
also  when  acid  organic  radicals,  and  even  neutral  organic  compounds, 
such  as  sugar,  arc  present  in  tlje  solution.  The  action  of  the  reagents  is 
different,  because  they  are  applied  under  ditVcrfiit  cirmnistances.  TIktm 
is  a  stront^  tendencv  in  all  organic  radie.il.-)  to  ik  m  Iu.  v  coinpoumi  sulubie 
salts — with  one  another,  and  with  inorgaiiK  r  idicals.  This  coni])liratf.\s 
the  action  of  the  reagents,  and  il  is  conscfpiently  raiih  in  tlie  highest 
degree  to  declare  that  a  solution  contains  no  sulphuric  add,  merely  be- 
cause it  gives  no  precipittte  with  a  aoludon  of  barytes  in  the  known 
presence  of  organic  radicals. 

The  absurdity  of  setting  ibrth  these  double  sulphates  as  conjugated 
adds  is  best  seen  if  we  compare  one  of  them  with  a  double  stdt  of 
similar  constitution,  but  having  an  inoiganic  positiTe  radical : 

C?H»,SO«  -h  HSO*  =  Bisulphate  of  ethvl. 
K,SO"  4-  HSO'  =  Bisulphate  of  potash. 

These  two  compounds  are  equivalent,  atom  for  atom.  The  theory  of 
conjugated  acids  supposes  that,  in  the  bisulphate  of  ethyl,  only  the 
single  atom  of  hydrogen  Is  basic,  and  that  all  the  other  con>tini(>nts  of 
the  compound  become  conglomerated  into  an  add  radical,  which  pro- 
ducea  the  conjugated  add: 

H  +  C*H*,SO*,SO*  =  Ethylo-sulphuric  acid. 

The  same  transformation,  performed  on  the  inorganic  bisulphate,  would 
produce  a  similar  conjugated  add : 

2  D 
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H  4-  E,SO*,SO*  =  PotBSBia^plraric  ad(L 

And  this  conjugated  add,  like  the  £>im«r,  actually  produces  a  whole 
series  of  salts,  such  as 

Mg  +  K,SO^,SO^  .  Potassio^phate  of  magneoau 

O  +  K,S0^,S0^  .  Potasaioeulpfaateofgliiciiia. 
0W  +  K,SO^,SO^  .  Potaaaio-adphate  of  ethyl 

The  potassio-siilphnric  acid  is  mor<x>vor  completely  jii>tifii<l  by  M.  Ger- 
hardt's  law  tor  tl*  i-  inuning  the  basicity  of  conjirj  iu-d  acids.  That 
law  says,  tluit  if  you  add  together  the  basicity  of  ail  the  elenieiitj  of  d 
conjugated  acid,  and  d^uct  i  from  the  sum,  the  residue  is  the  basicity 
of  the  oonjogated  add.  Now  if  we  add,  as  ho  inatracta  us,  2  for  the 
two  atoms  of  anlphoric  acid  to  o  for  the  potaaaiam,  and  deduct  i,  we 
have  a  residue  of  i»  which  ia,  true  enough,  the  basicity  of  the  bisulphate 
of  potash.  You  can,  to  be  sure,  by  loo&ng  at  the  fonnnla  of  bisulphate  - 
of  potash,  and  obaerving  that  it  contains  juat  i  atom  of  baaie  hydrogen, 
come  to  the  same  conclusion  without  a  law  and  wtthoQt  a  reckoning, 
but  that  is  too  empirical  a  mode  of  procedure  to  please  organic  chemists, 
whoso  awful  gravity  is  best  pleased  with  obscure  laws  and  profound 
complexity. 

I  have  elsewhcro  stato<l,  hnt  I  mav  repeat  the  statement  hero  as 
aproj>(»s  to  the  occasion,  that  (iorhardt's  law  for  detemiining  the  basicity 
of  a  cotijugat(Hl  acid  is  on'oii^K)US.  If  the  fuiturating  capacity  of  each 
acid  r.idical  of  the  comix>und  be  reckoned  as  unity y  or  i,  it  j.s  abfawd  to 
reckon  the  saturating  capacity  of  the  basic  radical  which  is  presumed  to 
be  actmg  as  part  of  the  add  ladical  aa  miB,  or  a  It  ought  to  be  reck- 
oned as  a  intims  quantity,  vhk,  ^i*  It  ia  tfaia  blonder  which  makes 
Gerhardt  declare  that  the  baaidty  of  a  conjugated  add  ia  always  leaa  bj 
luiity  than  the  coOectlve  basicity  of  its  constitaents.  But  the  aatnmting 
capacity  of  a  radical  can  neither  be  lost  nor  lessened.  The  qoantitj  i 
cannot  become  o,  except  by  neutralisation  with  the  quantity  —I. 

Chemists  of  the  old  school  will  perhaps  say,  that  it  is  absurd  to  convert 
bisulj>hatc'  of  potash  into  an  ncid,  nnd  to  make  ]X)tassiiim  form  part  of  a 
comixmnd  acid  radical,  and  I  grant  that  it  is  alisurd  ;  but  I  am  showing 
that  the  acknowledged  laws  for  construi^ting  cnuiugatod  acids  and  lor 
determining  their  basicity,  require  no  straining  t  ^  make  them  warrant 
tluit  procedure.  If,  therefore,  chemists  of  the  old  school  lorbid  the  con- 
struction of 

<7H»;  K,S*0*  =  the  Potassi(«ulphate  of  ethyl, 
let  them  also  forbid  the  ooQatmction  of 

K ;  (7H*,S"0*  =  the  Ethylo-sulpliate  of  potash, 
for  the  latter  ia  quite  aa  extravagant  aa  the  fonner,  and  there  ia  no  more 
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reasoii.ible  excuse  for  making  a  compound  acid  radical  with  ethyl  than 
for  making  one  with  potassium. 

Thfse  conjugated  acids  and  their  si\lts  are  (elaborately  dc^scribed  in  the 
cheiiiiail  systems  i  t  (iniclin  and  Gerhardt,  yet  the  latter,  in  the  conclud- 
ing part  of  his  work,  has  declared  that  the  .sulphoviiiic  acid  is  a  biUusic 
sulphate,  and  that  acids  of  that  class  are  not  to  be  considered  as  "  con- 
jugated." But  the  age  of  knight-errantry  has  not  entirely  passed  away, 
and  wbeo  ooe  doughty  chsuinpion  abandons  his  lady-loye,  another 
appears  ready  to  reacae  her  from  destniction.  So,  just  as  Gerhardt 
retires  from  the  lists,  Dr.  Oalhrie  stands  forward  as  the  champion 
of  the  conjugated  adds,  and  poblishes  a  Paper  to  prove  that  the 
prevalent  views  respectioig  than  are  correct  As  I  entirely  dissait 
from  his  condusions,  I  sull  quote  and  examine  his  experiments  and 
aigoments.^ 

*'With  respect  to  the  ratiooal  oonstttntion  of  the  stilphovinates, 

chemists  are  at  pr^ent  so  fiur  agreed  as  to  admit  in  them  the  presence  of 
snlphoric  acid.  An  objection  was  formerly  raised  to  this  view,  on  the 
ground  that  the  solphtuic  add  could  not  be  shown  to  exist,  as  such,  by 
means  of  the  usual  reag nt^ ;  and  it  was  assumed  that  the  salts  in  ques- 
tion contained  hyposiilphuric  add.  This  position  has,  however,  been 
overthrown,  partly  by  the  discovery  of  isethionic  acid,  partly  by  the 
observed  behaviour  of  other  compounds  of  ethyl,  such  as  the  chloride  and 
sulphide  of  ethyl,  in  which  the  chlorine  and  sulphur  are  much  more 
difficult  to  recognise  by  nic^ns  of  nitrate  of  silver,  than  is  the  case  with 
the  soluble  inorganic  comjKjunds  of  these  l)odies. 

"  A  question,  however,  which  still  has  to  be  answered,  is — '  In 
what  manner  do  the  sulphovinntf'S  contain  tiie  sul()huric  acid?' 

Tliose  chemists  who  look  upon  sulphuric  acid  as  a  bil>asic  acid,  and 
express  the  composition  of  its;  hydrate  by  the  formula  2H0,SW,  view, 
for  the  most  part,  the  siiks  (-f  suI])hovinic  acid  as  Uwic  sulpliates,  one  of 
whose  atoms  of  base  is  |)otash,  and  the  other  oxiilo  of  ethyl.  They 
accordingly  class  sulpliovinate  of  potish  with  the  so-calied  double  aalta 
of  sulphuric  acid,  such  as  the  poLassio-sulphate  of  zinc 

^q|s  V,  Sulphate  of  potash  and  zinc. 

^^qIsK)",  Sulphate  of  potash  and  ethyL 

**  Now,  in  the  first  place  this  view  is  contradicted  by  the  fact  that 
the  oxyde  of  ethyl  in  the  second  of  these  salts  cannot  be  driven  out  by 


On  the  Sulphovinates,  and  on  Amylophosphoric  Acid  and  the 
Amvlophosphates.  Bv  F.  Guthrie,  BwA,  Ph.  D.,  Qwir($rfy  J<mm<d  ^ 
the  Chmioal  8od^  (1856),  IX.  131. 
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a  more  powerful  base,  as  is  the  case  witih  its  analogne,  the  onde  of  aoe, 
in  the  inorganic  sulphate.  Even  on  continned  boiling  wntb  potashy  tiie 
ether  is  not  given  off  as  alcohol.  The  difficult^r  of  maintainii^  tlus 
view,  again,  is  materially  increased  when  we  reflect  that  in  the 

Neutral  salpbate  of  ether,  •  ^"0*, 

the  one  atx:>m  of  ether  may  be  elitiiinaWd  or  exckuiged  for  water,  or  a 
bdse,  much  more  easily  than  the  other ;  and  that  the  so-called  neutral 
ethers,  such  as  acetic,  nitric,  or  oxalic  ether,  on  being  boiled  with 
caustic  potash,  are  transformed  under  formation  of  alcohol,  into  the 
potash  salts  of  the  oorrespcmding  acids.^ 

These  consideratioDS  rendor  it  more  than  doubtln]  whether  the 
metallic  oxide  and  the  oxide  of  ethyl  be  equally  basic  in  function.  It 
seemed  desirable,  that  new  fiicts  should  be  ggined  for  the  ducidatkn  of 
this  point  I  imagined  that  such  facts  might  be  furnished  by  the 
behaviour  of  an  aqueous  sdution  of  the  sulphovinate  towards  the  gal- 
vanic current.  For  if,  in  the  sulphovinate  of  potash,  both  the  potash 
and  ether  be  united  as  base  with  the  sulphuric  acid,  we  should  be 
justifiod  in  expecting,  on  electrolysing  a  concentrated  aqueous  solution 
of  this  salt,  that,  at  the  4"  pole,  sulphuric  acid  and  oxygen  would  be 
liberated,  and,  at  the  —  pole,  potassium  (potash  and  hydtogenV, 
together  with  ethyl  (or  ether  or  some  ethyl  compound,  po^aUl^ 
hydride  of  ethyl), 

**  Into  a  cold,  concentrated,  aqueous  solution  of  sulphovinate  of 
potavli,  free  fi'om  sulphate  of  potash,  I  accordingly  introduced  two 
platiiuini  electrodes,  in  such  maimer  tliat  they  were  separated  by  a 
porous  clay  c«ll.  The  electric  current  from  f(jur  Bunseii's  carlx>-£iiic 
elements  was  sufficient  to  effect  a  lively  disengagement  of  gas  at  both 
poles,  accompanied  by  an  evolution  of  heat  whicii  rendered  cooling 
from  tlie  exterior  necessary.  In  a  short  time  tlie  liquid  vsurrounding 
the  4*  pole  showed  a  strong  acid  reaction.  The  gas  whicii  Wius  h-re 
liberated  smelt  distinctly  of  aldehyde,  and  consisted  of  ox\  gen  and  car- 
bonic acid.  The  liquid  at  this  pole  gave,  with  chloride  of  barium,  a 
white  precipitate  which  was  insoluV)le  in  hydrocloric  acid.  Siilpiiur.c 
acid  was  therefore  present  in  the  free  state.  At  the  same  time,  the 
liquid  at  the  —  pole  as^uincxl  an  alkaline  reaction,  and  the  ijas  there 


*  These  argtmients  proccxjd  on  the  unwarranted  assumption,  that  the 
properties  of  orprinic  sn1])hates  ought  to  Le  the  same  as  the  projxirtie* 
of  the  inor<r;it,]c  sul|)h;ites.  We  might  as  reasonably  argue,  tliat  the 
inorganic  suipiiat*  >  cught  all  to  have  uniform  prupt  rties,  and  that 
sulphate  of  magnesia  cannot  be  a  suipiiate  hecaujbe  it  is  not  insolubie, 
like  sulphate  oi  barytes. — J,  J.  (i. 
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liberated  proved  to  be  ptue  hydrpgeo.  I  satisfied  myself,  by  careftil 
examinatiOD,  of  the  entire  abaenoe  of  all  caibonifeious  gases,  nor  ooold 
I  detect  at  this  pole  tbe  altghteat  traces  of  ether  or  alcohol. 

**  It  was  imagined  that  the  sulphuric  add  and  the  aldehyde,  which 
appeared  at  tho  +  pole,  might  be  secondary  products  of  decomposition, 
effected  by  the  oxygen,  in  statu  nascenti.  To  get  rid  of  this  secondary 
decomposition,  T  formed  the  4-  pole  of  amalg-amated  zinc.  On  com- 
pleting the  circuit,  a  lively  disengagement  of  gas  took  place  at  the 
—  ]xj1<\  :h  before,  while,  on  the  other  hand,  at  the  -f-  polo,  no  gas  at 
all  wn.  UI  m  raUnl,  and  neitlier  aldehyde  nor  sulphuric  acid  wer^  formed. 
Tlie  zinc  electrode,  however,  man  l)eainie  covered  with  a  pelliclti  of  sul- 
pbovinate  of  zinc,  which,  after  a  time,  broke  the  electric  current.  Again, 
a  fresh  solution  being  taken,  the  liquid  at  the  +  pole  was  made  strongly 
alkaline  with  carbonate  of  potash*  On  the  introdnction  of  platinmn 
electrodes,  carbonic  acid  was  pl^tifnlly  liberated  at  the  +  pole,  but  aa 
no  sulphate  of  potash  could  be  detected,  it  followed  that  this  was  due  to 
the  Uberatiott  not  of  aolphoric,  bat  of  aalphovinic  add. 

"  In  the  aame  manner,  making  use  of  platinum  electrodes,  I  electro- 
Ijrsed  an  aqneona  solution  of  amylosulphate  of  potash,  and  recognised 
precisely  analogous  phenomena.  At  the  -f-  P^^e,  oxygen  was  liberated, 
and  a  distinct  smell  of  vnlprianic  acid  !)ntirf>able.  The  solution  around 
tiiis  pole  Iwarae  acid,  and  contained  sulphuric  acid.  At  the  —  pole  the 
liquid  became  distinctly  alkaline,  and  the  gas  there  liberated  was,  as 
b^'fore,  pure  hydrogen.  The  slightest  tracesi  of  iuM:l  oil  or  ann  lie  ether 
W(juld  at  once  have  been  rect^nised,  by  their  powerful  odour,  had  they 
been  separated.    The  liquid  at  the  —  pole  remained  inodoruus. 

From  these  experiments  I  believe  the  condosion  may  legitimately 
be  drown,  that  in  amyloaolphate  and  solphoTinate  of  potash,  the  ondeB 
of  ethyl  and  amyl  have  not  the  aame  fonction  as  the  potash,  bnt  they 
are  oombhied  with  the  solphnric  add  in  a  diiierent,  and,  as  it  appears,  a 
more  intimate  manner.  The  fact  that,  on  electrolysis,  these  oi]ganic 
oandes  remain  with  the  sulphuric  acid,  and  accompany  it  to  the  +  pole, 
ahows  that  the  potash  alone  is  the  electro-poeitive  constituent  of  these 

KO  1 

salts,  and  that  the  formnia  q«^»q[        expresses  a  hypoth^  on  the 

coustitation  of  sulphovinate  of  potash  which  rests  upon  ialse  assump- 
tion. 

"  It  seemed  to  me  of  ini|X)rtimce  to  examine  in  a  similar  manner  the 
etliylophosphates,  and  to  see  whether  in  these  tlie  organic  oxide  is 
liberated  at  the  +  [x^le,  as  in  the  sulphovinates,  or  whether  it  goes  to 
the  —  pole.  For  this  purpose,  the  amylophosphate  of  potash  was 
choeen,  becanse,  if  the  oxide  or  hydrated  oadde  ot  amyl  were  hberoted, 
together  with  the  metallic  oxide,  at  the  —  pole,  it  would  be  at  once  re- 
cognised by  the  mere  odonr.  On  mtroducing  the  platinnm  electrodes 
into  a  ooncentrated  aqneooa  solution  of  amylophosphate  of  potash,  aepo- 
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lated  into  two  portkuis  by  a  day  oeD,  bydrogen  was  libezated  at  the 
—  pole,  and  oxygen,  together  wiui  carbonic  add  at  the  +  The 
flolatioo  at  the  latter  pole  aammed  an  acid  ieactioii>  and  smelt  distinct^ 
of  valeiianic  or  butyric  acids  (evidently  seooodary  products  of  deoom- 
poBitioa),  the  liquid  at  the  —  pole  became  alkaline  but  lemained 
odourless. 

**  From  tliis  it  would  ny)pear  that  in  the  amylo])hosphat^*s,  and.  gone- 
rally,  in  tht'  ♦'tlivlophM^pli;itos,  we  are  not  at  liberty  to  :vssume  that  the 
organic  oxides  are  combiiied  in  the  sanie  manner  iis  the  metallic  oxides; 
that  is,  as  hixso.  Accordinelv,  wo  must  not  understand  the  <»diDaiy  for- 
muL^  for  ethylo-  an  l  ;mi)  luphoi>piiate  of  potiish 

as  if  the  organic  oxides  played  the  sauie  part  in  tlieni  as  dofs  the  basic 
water  in  the  ordinaiy  tribasic  phosphate  of  po^<^  ^^j-  •        ^  ^® 

must  rather  assume  that  the  phosphoric  add,  tpg^ther  with  the  oadde  of 
amy],  forms  a  bibasic  amyloi^osplioric  add." 


With  submission  to  Dr.  Qnihrie,  I  hold  that  the  results  of  his  experi- 
ments arc  entirely  at  variance  with  the  conclusions  which  he  is  pleased 

to  draw  from  them.  He  considers  that  **  on  electrolysis,  the  orgamc 
oxides  remain  with  the  sulphuric  acidj  and  accfrinjHViy  it  to  the  -}-  pole, 
showing  that  the  [)oUu>h  alone  is  the  elect ro-pjsitive  constituent  of  the 
saltii."  Bnt  liis  experiment*:  prove,  that  Avhc^n  ethyl  is  operated  iii>on, 
instead  of  goai^  with  the  sulphuric  acid  to  the  -f-  pole,  it  suffers  decom- 
position into  hydrogen,,  which  goes  to  the  —  pole,  and  the  acid  radical 
Qjcctyl,  which  goes  in  the  form  of  aldehyd  to  the  +  pole: 

Ethyl  s  CH'  CH*  Acetyl 

So  also  the  experiments  prove  that  when  aniyl  is  operated  upon,  it  does 
not  go  with  the  sulphuric  acid  to  the  +  po^^*  but  is  decom]>osed  into 
hydrogen,  which  goes  to  the  —  pole,  and  tiie  add  fadicil  wdatyl^  which 
goes  to  the  +  pole  in  the  ferm  of  valerianic  add : 

Arayl  =  C*H"  -  H«  =  eiP  Valeryl. 

The  result  is  the  same  in  the  preeenee  both  of  snlphnric  add  and  phos- 
phoric add.  Ndther  of  these  acids  prevents  the  reduction  of  ethyl  to 
acetyl,  nor  of  amyl  to  valeryl,  and  Dr.  Guthrie's  assumptions  that  ethyl 
and  amyl  go  to  the  +  pole  in  combination  with  tlic  strcmg  acids,  be- 
cause lie  finds  then  acetyl  and  valeryl  are  consequently  unwarranted,  and 
at  variance  with  his  experiments.  X  have  already  drawn  attention  to  the 
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geneial  6ct»  that  ooiDpaimd  radicals  which  contain  one  atom  of  hjdrogen 
above  the  proportion  oontaiDed  in  any  multiple  of  the  neuter  radical 
vinyl  (see  page  76)  are  in  most  cases  basic  or  jwsitive  radicals,  but  con- 
vertible into  acid  or  negative  radicals  by  the  abstraction  of  tim  atoms  of 
hydrogen.  Dr.  Guthrie's  experiments  confirm  this  general  fact ;  they 
prove  that  ethyl  is  r'^^lucible  to  acetyl,  and  amy!  to  valm'l,  that  the 
abstracted  hydrogen  goea  to  the  —  pole,  mid  that  the  two  acid  radicals, 
go,  as  they  ought  to  go,  to  the  +  f>ole,  with  the  sulphuric  and  phos- 
phoric acids ;  but  this  is  the  very  opposite  from  proving  that  ethyl  and 
amyl  are  add  radicals,  that  they  act  as  such  in  the  smphovinatea  and 
the  amylophosphates,  and  that,  when  tfaaaa  aalts  are  electrolysed,  the 
radicals  in  question  aocompan v  the  mineral  adds  to  the  +  pole ;  and« 
therdbre»  I  say  that  Dr.  GQtluie'a  aigoments  an  at  wianoe  with  hia 
experiments. 

The  electrolysis  of  the  organic  radicals,  if  we  may  judge  from  the 
experiments  quoted  at  page  76,  and  from  these  new  experiments  made 
by  Dr.  Gnthiie,  appeaia  to  be  aobject  to  the  lowing  geneial  con- 
ditions : 

t).  Whon  negiitive  radicals  in  the  state  of  salts  of  i)0tash  are 
Oj)eiiit*'d  uj)uu,  the  negative  radicals  lose  airbon  and  become  positive 
radicals.  Thus  valeryl  iH-conies  butyl,  acetyl  bax>mes  methyl,  caproyl 
becomes  amyl,  and  cenanthyl  ix,'conies  hex^l. 

2),  When  positive  radicals  in  the  state  of  sulpliates,  phosphates,  &c., 
are  operated  upon,  they  loee  hydrogen  and  become  negative  rwUcals. 
Thoa,  ethyl  beoomea  acetyl,  and  amyl  becomes  valeryl. 

Dr.  Guthrie's  experimenta  have  served  to  enhuge  oar  knowledge  of 
these  particulars,  and  to  strengthen  the  aigament  respecting  the  consti 
tation  of  the  conjugated  sulphates;  only  be  misunderstood  his  results, 
and  drew  his  conclusions  in  &vour  of  the  wrong  aid^  of  the  argument 

The  result  of  this  investigation  is  to  confirm  the  opmion  with  which  I 
set  out,  and  with  which  I  trust  the  reader  will  now  agree,  namolv,  that 
all  the  sulphates  which  contiiin  positive  radicals  of  the  vinyl  series,  in 
company  with  motiillic  radicals,  are  merely  double  siilts.  I  find  nowhere 
either  exj>_'iiments  more  decisive,  or  arguments  more  cogent,  in  support 
of  the  doctrine  of  conjugated  acids  (as  distinct  from  double  salts)  than 
the  arguments  and  experiments  of  Dr.  Guthrie. 

And  this  condosion  applies,  not  merely  to  the  sulphates,  but  to  the 
phosphates,  sulphites,  hyposulphates,  carbonates,  oxalates,  and  all 
similar  conjugated  "  salts.  The  whole  of  these  I  tske  to  be  doable 
salts,  In  which  simple  salts  of  inoigaaic  positiTe  radicala  are  combined 
with  simple  salts  of  organic  positive  radicals ;  and  I  would  recommend 
the  dismissal  from  chemical  science  of  the  entire  series  of  denominations 
€i  conjugated  adda  to  which  misunderstood  experiments  and  &Uacioiu 
aiguments  have  given  origin. 


Digitized  by  Google 


408 


THEORY  OF  POLY  BASIC  AUD  CX>XJnGATED  ACIDS. 


Professor  Kolbe'b  Cupulatcd  Oxalates. 

Professor  Kdbe  has  advocated  the  doctrme,  that  the  acid  ladicala  of 
*  the  vinyl  sertea — see  page  70 — are  all  compounds  of  basic  radicals  with 
carbon,  and,  consequently,  tnat  alt  their  salts  ara  oxalaUs  copulated  tdth 
hash  radksailSt  according  to  the  Allowing  examples : — 

HO.(0*H')^C^O^  =  Acetic  acid. 

KO.CCW)^^,^  =  Acetate  of  iKjtosh. 

(Cli')0.(C^H^;^C\0^  =  Acetato  of  eth) L 

HO.     H  '^C*,0"  =  Formic  acid. 

HO.(CH»)^C,0^  =  Valeric  acid. 

In  these  formule  C  a  6,  O  »  8,  H  »  i. 

This  theory  is  advocated  at  great  length  in  the  Qtuuierfy  Joumid  of 
the  Chemkxd  Society^  vols.  iii.  and  iv. 
According  to  tliis  doctrine,  we  are  to  bdieve  that  eveiy  neutral  salt 

of  an  organic  acid  is  an  oxiilale  possessing  a  sort  of  appendage  or  tail, 
wliicii  is  copulated  with  it  without  affecting  its  nentrality,  although  in 
every  iiistiince  the  tail  is  a  complete  basic  radical.  Tims,  a  forniiate  is 
an  oxiiliUe  with  a  tail  of  hvdroL'f'n  ;  an  acetate  is  an  oxalate  with  a  tail 
of  methyl ;  a  valerianate  is  an  oxalate  with  a  tail  of  hntyl :  and  so  on 
through  the  entire  vinyl  series  of  acid  radicals.  The  proof  of  the  correct- 
ness of  this  doctrine  consists  of  the  single  fact,  that  tliese  acids  cin  be 
decomposed,  electrically  and  otbei'wise,  into  carbon  and  their  come- 
spondiug  basic  radicals.  I  admit  the  ftct  See  pages  75  and  76.  But 
I  consider  the  doctrihe  thus  based  upon  the  fact  to  be  absurd,  and  in 
order  to  prove  its  absurdity,  I  vrill  carry  it  to  its  legitimate  con* 
sequences. 

For  the  sake  of  the  argmncnt,  I  admit  that  the  add  radicals  of  the 
vinvl  series  arc  each  reducible  into  an  atom  of  carbon  and  an  atom  of  a 
l)asic  radical.  I  have  discussed  this  matter  fully  lx?tween  pages  73  and 
81.  Thus,  an  acetate  can  y)roiliice  mt  thyl  and  a  valerianate  can  produce 
butyl.  "Riglit'"  savs  Kolhe,  ''and  therefore  the  acetates  contain 
methyl,  and  tlic  vuK  i  janale>  contain  butvl.'* 

Just,  howt'ver,  as  everv  acid  radiatl  of  the  vinyl  se^h„*^  c;in  bti  made 
to  })ruduce  a  basic  radical  by  abstraction  of  C',  so  can  every  basic 
radical  of  that  series  be  made  to  produce  an  acid  radical  by  abstraction 
of  H*;  and  if  we  are  to  consider  that  every  acid  radical  oomtaua  a  basic 
radical,  we  may  with  equal  reason  assume  that  every  basic  radical  0011- 
tain9  an  add  radical,  and  when  we  depict  the  acetate  of  potash  as  con* 
taining  an  oxalate  copulated  with  methyl,  we  may  depict  the  sulphate  of 
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ethyl,  as  oontebing  hydfafed  salphuric  add  copulated  with  hydride  of 
aoetjrl.   Stated  in  my  notatioo*  these  changes  would  be  as  ioUow : 

K,CTTO«        =         K,CO«         +  CH' 
Acetate  of  potash    «•  Oxalate  of  potash   +  Methyl 

Cm^SCF  =       TI,SO«        4-  H,C*H* 

Sulphate  of  ethyl    s  bolphuric  add    4-  Hydride  of  acetyl. 

The  result  is,  tliafe  as,  in  all  salts  formed  hv  an  acid  radical,  we  have, 
according  to  Kolbe,  not  tlie  nominal  acid  radical,  but  practiailiy  the  cor- 
responding basic  radical,  so  in  all  salts  formed  by  a  basic  radical,  we 
most  have,  not  the  nominal  hasic  ladical,  bat  its  eonesponding  acid 
ladical.  Eveiything  ialls  out  according  to  the  role  of  oontraiy :  our  adds 
oontaui  hoses,  and  oar  bases  contain  adds.  In  salts  of  acetyl  we  have 
only  methyl.  In  salts  of  ethyl,  we  have  only  acetyl.  And  this  prin* 
dpie  of  regularity  extends  through  the  whole  snri*  s  of  radicals  which  are 
described  in  the  Table  on  pages  79  and  6a  The  full  force  of  the  prin- 
dple  is  felt,  if  we  ask  ourselves  the  question,  What  is  the  actual  consti- 
tution of  any  given  acid  in  that  list  ?  Take,  for  example,  the  valerianic 
arid,  which  is  near  the  bottom  of  tlie  Tablo.  According  to  Kolbe,  this 
acid  coidains  butyl,  not  valervl.  If  we  admit  tliat  statement  to  be  true, 
then  we  on  as  follows — 1  Hu  dino'  our  conclu-ujii.-^  u]><:>n  facts  that  are 
equally  true — ^in  valcryl  in  Imtyl ;  in  biityl  lo  butvrvl ;  in  butvryl  is 
propyl;  in  propyl  is  propionyl;  in  propionyl  is  ethyl ;  in  ethyl  is  acetyl ; 
in  acetyl  Is  methyl ;  in  methyl  is  mnnyl;'in  forrayl  is  hydrogen.  All 
these  radicals  tfaerefiire  are  contained  in  the  radical  of  valerianic  add^ 
granting  only  the  truth  of  liie  assomptian,  that  a  radical  coBrrAiNS  what 
yoa  can  make  it  pbodocb. 

It  is  certain,  that  from  the  acid  radicals  you  can  produce  the  basie 
xadiciils.  It  is  equally  certain,  that  from  the  basic  radicals  you  can 
produce  the  acid  radicals :  but  when  yon  jump  from  these  facts  to  the 
inference,  that  these  acid  radicals  and  basic  radicals  respectively  contain 
tiie  corresj^K)ndin:^''  basic  radicals  and  acid  radiails,  reaibj-formed ;  you  go 
astray.  Wliat  a  tlnng  has  heen^  or  a  thing  may  beoAne,  is  not  the 
same  as  wliat  a  thing  is.  To  coniuse  liicse  ideits,  or  to  use  them  indis- 
criminately, is  a  breach  of  scientific  exactness.  Exjjeriment  is  our  guide 
in  sudi  matters.  Experiment  shows  us  tiie  composition  of  acetyl.  It 
shows  us  how  to  convert  ethyl  into  acetyl,  and  acetyl  into  methyl. 
£xperiment  shows  us  that  acetate  of  pota^  contains  those  proportioofl 
of  carbon  and  hydrogen,  which  constitute  neither  ethyl  nor  methyl,  but 
acetyl  Such  are  the  Acts.  According  to  these  iacts,  we  must  judge  of 
the  merit  of  Kolbe*s  theory,  that  aceUUe  of  potash  contains  not  acetyl^  hnt 
methf/U  a  theory  which  appears  to  me  to  be  a  denial  of  fects. 

The  doctrine  which  leads  chemists  astray  in  matters  of  this  sort  is 
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due  to  Grerhardt,  who  thus  expotmds  it  {Introdudkm  io  Usdtmy  Che- 
mistry) : — 

"  In  the  dualistic  system  of  chemistry,  bodies  are  represented  such  as 
they  exist  (at  the  time  of  cxftmination).  This  method  is  incompatil)le 
with  tlie  unitiiry  system,  which  biisos  its  definitions  upon  the  inotiimor- 
phoses  of  bodies,  i.  e.,  upon  their  previous  st;ite,  or  ujK  n  their  future 
combinations.  In  this  re  ^|>ect  it  evidently  attains  the  s|>ecial  aim  of 
chemistry,  viz.,  the  discovery  of  the  laws  which  govern  the  traoaforma- 
tions  oi  matter." 

According  to  this  doctrine,  the  special  duty  of  chemists  is  to  take 
CQgnisoDoe  ^  thingiB  which  onee  eBd  ^sskt^  or  which  majr  cbaoce  to  txisi 
hmafiisry  bat  to  neglect  the  things  which  db  exM  at  the  time  of 
ezaininatioo.  The  unitary  system  disdaina  present  eristsnces,  and  ooljr 
yaloes  the  historical  and  the  prophetical.  To  represent  bodieB  as  they 
eiist  is  left  for  chemists  who  follow  the  despised  dualistic  system.  The 
special  aim  of  unitary  chemists  is  directed  above  and  beyond  the  depart- 
ment of  actual  existences.  It  deals  only  with  the  past  and  the  future. 
Lighted  by  this  luminar}*,  we  perceive  that  acetyl  is  not  acetyl  but  once 
WA-s  fthyl,  and  may  hereafter  become  methyl ;  that  valer}*!  is  not 
vaieryl,  but  in  the  [x\i>t  was  amyl,  and  in  the  fliture  may  be  butyl.  The 
brightness  of  this  theoretiail  light  renders  mvisible  the  things  that  are 
illiuninated  only  by  the  dim  nnxliuui  of  common  sonse.  But  that  is 
evidently  desirable.  Kadicals  ''such  as  they  exist"  are  beneath  the 
notice,  and  incompatible  with  the  objects  which  unitary  chemists  spe- 
cially aim  at,  under  the  gtndanoe  of  tl^  new  lights 

By  a  ijarity  of  leasooing,  we  discover  in  common  life,  that  bankrupts 
and  heii8-at4aw  aie  men  of  property ;  becanse  a  man's  fertone  conaiBta, 
not  in  what  he  possesses,  but  in  what  in  past  times  he  has  squandered 
away«  or  in  what  in  the  iiitare  he  may  chance  to  inherit  "  The  proper 
definilaon  of  a  thing,''  says  Gerbaidt,  is  not  what  it  »,  Imt  what  it  ha» 
beetle  or  what  it  may  become."  A  man,  whose  fortune  is  a  matter  of 
ilistory  or  a  matter  of  expectancy,  is,  therefore,  a  man  of  fortune. 

Proftassor  Kolbes  copulated  oxalates  are  tlie  heirs-at-law  of  the  acid 
radicals.  When  the  acid  radicals  come  to  <io,stmction — when  they  die 
the  death — their  substance  is  the  inheritance  of  the  copulated  oxalate. 
But  when  tlie  Professor  argues,  that  the  heirs-at-kw  are  the  present  pos- 
sessors of  the  estate,  he  anticipates  the  &ct,  and  pronounces  a  judgment 
which  is  erroneous.  A  prmnt  add  must  be  hdd  to  oontain  a  pmmt 
radical 


(  411  ) 


The  Malic  Group  of  Salts. 

The  formula  cMnnionly  assigned  to  Malic  acid  is: 

(aH0»CU'O),  in  which  Hei»C«6,Os8; 

and  as  the  aHO  are  replaoealble  bf  two  oliur  baaea,  thia  oompoond  ia  an 
eiainple  of  what  ia  called  a  BifiABic  Acao. 

I  pcopoae  to  consider  it^  not  as  a  Ubasic  aalt,  bat  aa  a  double  salt, 
constitated  in  agreement  with  the  following  fimnnla : 

H,CHK)»  4-  H,C«HO";  in  which  H  =  i,  C  =  12,  O  =  i6. 

This  fonnnla  contains  two  assumed  acid  radicals  =  CH'  and  CH.  The 

former  is  cqnivalcnt  in  its  prr>yx3rtions  of  elementary  atoms  to  acet)'l,  and 
the  latter  in  nrnnyl,  fiimai  }  1,  inaleyl,  and  perhaps  to  several  other  acid 
radicals.  I  do  not  know  wliether  the  radical  CTP  of  the  malic  ^id  is 
the  same  thing  as  tlie  radiail  C^H'  of  the  acetic  acid,  nor  whether  the 
radical  C*H  is  the  same  as  any  other  radical  of  the  Siinie  ultimate  com- 
|X)6ition.  I  wish  to  give  in  this  place  no  opinion  respecting  the  identifi- 
cation of  these  isomeric  radicals,  and  for  the  purposes  of  the  present  dis- 
cnasion,  I  ahall  mdicate  these  ammed  nu&iak  hj  temporary  names; 
thns: 

CfH*  wiU  be  called  M7I 

In  agreement  with  these  assumptions,  crvsUiliised  malic  acid  « 
H%CH='a*  +  H^C*HO^  will  be  called  Hydra  myhte  cum  hydra  dyUte. 
The  two  atoms  of  H'  are  both,  or  either,  replaceable  by  other  basic 
ladicals,  and  the  prodncts  of  that  replacement,  comlnned  in  pairs,  pro- 
duce the  salts  that  are  called  maSOtn,  The  mylites  and  dyletea  can 
aqxarately  imdeigo  the  varioos  modifioatloaa  to  which  all  single  salts  are 
sobject,  without  suffering  separation  from  one  another.  As  long  as  they 
remain  conjoined,  th^  constitute  the  malatee.  When  the  conjanclioii  ia 
dissolved,  the  products  of  the  decomposition  receive  other  names.  Tet, 
while  the  mylites  and  dyletes  continue  in  combination,  their  basic 
radicals  sometimes  undergo  modifications  which  cause  the  compound 
splits  to  receive  other  names  than  "lolgfoa^  ^  be  se^  in  the  descrip- 
tion of  the  following  examples 

Salts  BSLONaiHO  to  the  Malio  Gboup. 

Group  A,    Malic  Addy  cryst, 
J.  H,CH'0*  -f.  H»C>HO* .   .  Hydm  mylite  cum  hydra  dylete. 
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Oroup  B*   Nevltral  MedaUs, 

2.  Ag,C*H*0*  4- Ag,CJ"HO*    .    Argenta  myiite  cum  ax^ta 

dylete, 

^.  Ca,C'H'0*  +  Ca,C«HO*  .    .    Calca  mylite  cum  calca  dyiete. 

4.  Pb,CH"0»  -i-  Pb,CHO«     .    Plumba  myUte  cum  plumba 

  dylete. 

5.  Zn,G*H^  -f  Zti,<7!H0^ .   .   Zinca  mjlite  com  zinca  dylete. 

6.  ZH\CH*0^  +  ZB\(?H!OF  .   Ammona  mylite  com  ammooa 

dylele. 

(Troup  C.   Add  MaktttB, 

7.  Ca,CH'0*  +  H,(?'HO«  .    .    CdlG\  nivlit^  cum  hvdra  dvlete. 

8.  Zu,C*H'0'  4-  H,C*HO''  .    .    Zinai  mylite  cum  hydra  dylete. 

9.  ZH*,(7H"0*  +  HjCHO*    .   Ammona  mylite  cum  hydm 

dylete. 

Cfroup  D.   DoutilB  €md  Bash  Mtdates, 

10.  ZHSCHX)*  4- Zd,(?HO^   •    Ammona  mylite  cum  zinca  dy- 

11.  Pb,C*H*0»  +  Pb'.eHC    .    PhimLa  mylite  cum  plumbine 

dylite. 

Group  E,  Amyl^MaliUes, 

13.  CW,CfHW+H,(?HO^  .   Amyli  mylite  com  hydm  dy- 

lete. 

13.  C*H",C*H='0'  4-  Ca,C*HO*  .    Amyla  mylito  cum  c  ilea  dvlete. 

14.  C»H",CH"0"  +  ZHSeHO*    Amyla  myUte  cum  ammona 

dylete. 

Group  F,    Asparttc  Acid. 

15.  ZH",eHK)^  +  H,G*HO*    •   Amida  mylete  com  bydn  dy- 

lete. 

Oron^  G.   Aspartates^  Claas  a. 

x6.  ZH*,G"H^  +  K,CfHO*    .  Amida  mylete  com  potassa  dy- 
lete, 

17.  ZIP,CIPO*  -f  Ba,CfHO^   .   Amida  mylete  com  faaiyta  dy- 

18.  ZH»,C?H?X>»  +  Ag,C?HO«^.   Amida  mylete  com 

dylete. 
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19.  ZH*,<?H'0"  +  Pb,C*HO»   .    Amida  mylete  cum  plumba  dy- 

lete. 

aa  ZW^(?B^  +  2H^<7H0^  .  Amida  mjlete  cum  anunoiui 

djlete, 

(?roup  H.   Aspartat$8,  CUuss  h. 

21.  ZHBa,C«H\)*  4.  Ba,C«HO* .   Barytac  mylete  cmn  baryta 

dvlete. 

32.  ZHPb,C*H*0*  +  Pb,C*HO*.    PlumUc  mylete  cum  plmnba 

delete. 

23.  ZHAg,€*HW  4- Ag,C*HO*    Argentac  mylete  cum  argenta 

dylete. 

Group  I.    Aspartates^  Class  c. 

jZWThCUHy  -f-  T»l  .eHO*l  Plumbam  mylite  cum  plumbac 
(ZU  Pb,CH\)«  +  Pb»C*HO»t  bis  plamba  dylete. 

Group  K.   Aspartic  Add  vuitJ^  ^her  Adds* 

^  JZH«,C»H«0^  4-  H,(?HO^  \  Amida  mylete  com  hydia  dy- 

^3  ]       HSO*+     HSO*  f    lete  bis  hydra  sulphefee. 

,  I  ZH»,CTro*  +  H,OTO^  \  Amida  mylete  cum  hydia  dy- 

^^'\  HQ  /    lete  com  hydia  cUonu 

Group  Ifc  AspoFOffiM^ 

27.  ZH'^^H^O*  +  ZH*,eHO  .    Amida  m>kUi  cum  aiuida  dy- 

late. 


Gffmp  M.   AwpaaragmB  wth  Bases, 

28.  ZB*fi*HSy  +  ZUK,<7H0 .   Amida  mylete  cnm  polaaaae 

dylate. 

39.  ZH*»CHX>"  +  ZUAg,(?HO  Amida  mylete  cum  aigentae 

dvlato. 

30.  ZH«,C«H\)«  +  ZHCuc,C*HO  Aim  l  i  mylete  cum  caprioic 

dylate. 

Group  N.    Asparagine  with  Adds, 

JZH*,CTI'0«  -h  ZH\CT10  V  Amida  mylete  cmn  amida  dy- 

AgNO^J  late  bis  argenta  nitrite. 

JZH*,C*H»0»  4-  ZH«,C?HO  1  Amida  mylete  cum  amida  dy- 

3^-  ]         TTCO*  -f       HCX/  j  late  bis'hydra  carbet^i. 

( ZHVC*H\)* -f  ZH*,CHO  1  Amida  mvlete  cum  amida  dy- 

33-  \                       H,C1  /  late  cum  hydra  chlorsL 
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Qrcup  0.  MbMd  Phmj/l  Amides^ 

34.  ZHjO'H';  C«irO"+H,C«HO"  PheDvlac  myiete  cum  hydm 

dylote. 

55.  ZH,CB*;  C"IPO*+ZH*,CfHO*  Phenylac  mylete  cum  ammona 

djlete, 

36.  ZH,C*H*;  CRHW+Ag,€nEIO^  Phenjkc  mjlete  com  aig^te 

      dylete. 

37.  ZH,CnP;C^HX)^+ZH,<7ff;CT0.  Phenylac  mylete  cmn 

phenvlac  dylate. 
36.  Z,CH*,(?U';eHO^.   .   .   MyWphenykc  dylite. 

^roi^  P.  MMe  Add. 

39.  H,(7H0^  Hydnt  malqrlete. 

40.  K,CHO'  Potassa  maleylote. 

41.  K,C»HO' +  H,(?H(y    .    .  Potas.*?a  hydra  bimaleylete. 

42.  Ag,C'HO*   Argenta  maloylete. 

43.  Ag,C*HO"  4-  H,CHO*  .    .  Argenta  hydra  biraaleylete. 

44.  ZH*,C*HO"   Ammona  maleylete. 

45.  ZH%CfH<y  +  H,€fHO^.   •  AmmoDa  hydra  bimaleylefe. 

46.  Pb,(?HO^   PlTimba  maleylete. 

47.  CacG^O^   Gapiic  inaleylete. 

48.  ZIFCdc^CHO^  +  Aq.  .   .  Capricam  maleylete  aqoate. 

♦ 

^roup      Amario  Add, 

49.  H,OTO^  Hydm  iumarylete. 

vftNp  9«  /'iMiarfirM* 

50.  K,C*HO'  Potassa  fimifir\'lete. 


51.  K,C«HO«  4- H,CHO" 

52.  A^,C*HO*  .... 

53.  zii\c*Ho*    .  .  . 

54.  ZH*,CTIO"  4- n,C*HO' 

55.  Pb,(?HO«  .... 

56.  Pb,CfHO^  +  Pb,PbO 


,    Potissa  hydra  bifiimaiylete. 
,    Argenta  fiimar}it'to. 
.    Ammoiia  Himarvlete. 

Amiiit>i»a  iiyilni  bilumaiylete, 
.    Plumba  furaarylcte. 
.   PlambtDe  fumaiylite. 

57.  (Pb,€^0*)' +  Pb,PbO    .  TetnAuphmbafbmaiyletecum 

plumba  pliimbate. 

58.  (Fec,<7H0^)^  H-  Fec»FecO  •   Tetrakia  feme  fnmaiylete  com 

ferric  fenate. 

59.  (?H',CHO*  Ethyla  iiunaiylete. 


Digiii^uu  by  G 


THE  MAUC  GBOUP  OF  SALTS. 


415 


Group  T.    JFumatic  A  nudes, 

60.  CH,C*HO»  Famaryla  fomaiytite. 

61.  ZH*,CHO  Aiiiida  fomarylate, 

63.  ZH/^II  C  II  DV    .    .    .    Famaiylac  fumaiylete. 

63.  Z,(  ' }  WCH' ;  Z,C*H,C*HO*     Mylec  dylecute. 

64.  ZU',CHO+ZU'Hgc*;  C*HO'  Amida  fiimarylate  com  merio- 

cem  fomarylete. 

Usual  Kameb  akd  Tobmolm  of  thbbb  Sai*t8. 

Group  A.  MaUc  add m  cry9Ua»:^u  H»C"jQPO*  +  H,CfHO^.  Hxdn 

mylito  cum  hydra  dylete. 

This  formula  represents,  as  T  have  ab"eadv  st  ited,  the  crystallised 
malic  aci.l  Usual  formulae:  C«H«0'«  =  C*H'0*,0*,  Gfndin,  2HO, 
C^H*(/,  Miller,  These  formul.T  re])rescnt  the  acid  lis  bibasic,  with  an 
acid  ratli(;il  =  C*H*.  For  an  account  of  the  Dt-coni positions  of  Mahc 
Acid,  Bo»'  the  subsequent  ])articular8  resix-cting  tlie  rcactiong  of  salts  of 
the  Malic  grou)>,  Nos.  i  and  3.  Its  production  £rom  aspartic  acid;  see 
Reactions,  No.  6,  pa^e  422. 

Group  B.  Neutral  Mutates,  General  furmula  :  C"H*M*0"*.  2,  Ma- 
late  of  silver.  3,  M.  of  lime.  4,  M.  of  lead.  5,  M.  of  zinc.  6,  M.  of 
ammonia. 

Qnm^  C.  AcAi  Mahtea.  Genanl  ^mniile:  (TBWC^.  7,  Bimahte 
of  lime.  8,  Bimalate  of  bdc.  9,  Bimalate  of  ammnmia.  Deoompoaition 

of  bimalate  of  ammonia  by  heat.    See  Beactions,  X  1.  3. 

Group  D.  Jhuble  and  Basic  Malates,  10,  Doable  maiate  of  zinc  and 
ammonium.  1 1,  Biisic  maiate  of  lead.  In  this  aalfci  the  radical  Dyl  is 
in  th  rntidition  of  a  terbasic  salt,  according  to  the  nsiinl  tcrbasic  formula 
Pb,C''HO*  -f  Pb,PbO  =  Pb',CHO'  A  consi<lpnV>le  number  of  the 
malates  contain  water,  and  might  iiave  formula^  in  acconlanr<»  witli 
Ko.  1 1 .  Thus,  the  bimalate  of  ammonia  No.  9,  in  the  crystaliijkxi  state, 
might  have  the  formula  ZH*,C"HW  +  1P,C*1I0». 

Group  E.  xhivjl- Malates.  12,  Amyl-malic  acid  =  C*"H'*0'*  =  C^IP 
(C"*H";0'°.  I  J,  Amyl-malate  of  Hme  =  e''H'*CaC.  14,  Amyl-ma- 
late  of  ammoiua  »  CP'H^CNH^jO^   Gtdiardt,  after  Bnwnlm. 

Here  we  have  a  **  conjugated  add"  and  ita  adta;  bot  aooording  to 
mj  notatioDv  Na  12  la  a  bimalate,  piedaely  equivalent  to  Ko.  7>  and 
NO0.  13  and  14  are  donble  salts  equivalent  to  No.  la  It  is  certain  that 
similar  salts  cookl  be  prepared  with  other  radicals  instead  of  amyl,  and 
there  is  no  necessity  to  make  ooojogated  acids  of  any  of  them. 

Group  F.  No.  1 5.  Aspartic  acid,  or  Malamic  acid,  Oompare  this 
compound  with  the  Bimalate  of  ammonia  No,  9,  thna: — 
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Na  9  »  ZH^C■£PO^  -f  H^CfHO  «  Ammona  mylite  com  hjdia 

dylete. 

No.  X  5  =  ZHSC^lPC/  +  H»C*HO^  •  Amida  mykte  com  hjdia 

dylete, 

IP       O'  8  D^ennof. 

On  referring  to  page  225,  it  will  be  seen,  that  the  difference  between 
binoxalate  of  ammonia  and  oxamic  acid  is  precisely  the  same  as  the  dif- 
ference between  bimalate  of  ammonia  and  aspiirtic  acid.  Aspartic  acid, 
like  oxamic  acid,  produces  a  series  of  s,ahs,  and  it  is,  like  oxamic  aad,  a 
double  salt,  witli  the  single  diflerence,  iluit  its  two  acid  radicals  are  not 
alike.  Production  of  aspartic  acid  from  tlie  hydrucliN^mte,  sei^  lit^actioos, 
No.  5,  ]  ige  423.  Its  conversion  into  malic  acid,  KeacticMis,  Na  6. 
It6  [truduction  from  asparagine;  Reactions,  Nos.  7  and  8.  j 

Chemists  are  not  ;igreed  as  to  the  basicity  of  aspartic  acid  ;  but  the 
in  v\>  1 1  gators  have  ])ointed  out  threp  varieties  of  salts,  answerin^j  u*  the 
formul.'P  e*NH*.MO«  (  =  ckuss  a),  C«NH^M*U»  (  =  class  />),  aiid  MO, 
CNH^MO"  (  -  chuss  c),  of  each  of  whidi  I  have  quoted  some  exampltts,  , 
Nos.  16  to  24.    See  Gmehn  (^Handbook  0/  Chemv<tn/i  1 856,  x.  254). 

Group  G.  Nos.  16  to  20.  The  salts  of  this  group  are  evkkntly 
monobasic  aspartates,  formed  In  exact  acoordance  with  the  oiamatM ;  see 
page  226,  but  differing  in  llie  quantity  o£  oxj'gen,  and  in  bATing  two 
dififlitnilar,  instead  of  two  similar,  acid  radicals.  Prodnction  of  iqwtHe 
of  ammonia,  No,  20,  from  asparagine,  No.  27.  See  Bcadaona^  Nol  9^ 
page  42a. 

(Troup  H.  Nos.  ai  to  a^.  These  salts,  of  which  many  mote 
be  cited,  containing  die  ndscais  Oa,  Coe,  &e.,  difo  from  thoae  of 
gfoop  G,  bv  ooDtaininff  metallic  vioe-amids  instead  of  nonnal  amid ;  hat 
they  lare  alike  in  all  other  respects.  As  chemists  are  not  aocostomed  to 
admit  the  existence  of  these  metallic  vioMOnids,  this  little  group  of  salli 
has  pnzzled  them  greatly.  Gmelin  says,  *'As  it  is  improbable  tliat  an 
amidogen  add  should  l>e  bibesic,  and  as  Liebig  has  not  given  the  mode 
of  preparation  of  the  salt  which  he  analysed,  Laurent  doubts  its  parity.'* 
To  which  Mr.  Watts  adds,  Liebig*s  result  is,  however,  confirmed  by 
those  of  Dessaignes,  Pasteur,  and  Wolff."  The  analyses  are  no  doubt 
correct,  and  they  confirm  the  accuracy  of  tlie  thwry  that  I  have  advanced 
respecting  the  nature  of  these  metallic  vice-mdicals. 

Group  I.  No.  24.  Aspartates^  class  c.  SevenU  similar  salts  occur,  in 
which  Pb  is  replaced  by  the  radiails  Bii,  Ca,  Ag,  and  Hgc.  This  salt 
is  evidently  int^'rme«liate  between  the  malatcs  and  the  asjwtatei^ ;  thatii 
to  say,  it  is  a  coini)ination  of  a  malate  with  an  asjmrtate,  atom  to  atom. 
Tlie  up|>er  half  of  the  Airmula  No.  24  is  equivalent  to  tlie  btmalateof 
ammonia  No.  9,  supjjnsiDg  ammonia  ZIl*  to  l>e  replaced  by  plnmbsm 
Zlf*Pl\  and  H  to  be  re^l.iced  by  Pb,  and  the  lower  half  ul  tiie  iormuk 
is  tile  same  as  tiiut  of  the  aspartate  No.  22. 
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Group  K,  Nos.  25  and  26  aio  examples  of  salts  produced  hy  the  com- 
bination of  ;is|);irtic  acid  with  mineral  acids.  No.  25  Cf^ntiiiiis  one  atom 
of  as  part  ic  acid  and  two  atoms  of  livtlrato<l  .sulphuric  acid.  No.  26  con- 
tains aspartic  acid  aud  hydrochloric  acid,  atom  to  atonj.  See  Kcactioiis» 
Nos.  4  and  5,  page  422. 

Qromp  L,  No.  27.  Asparagim^  or  Malamide,  Gerhardt  s  Diazoture  of 
tnalyle  and  of  hydrogeiu    Fofmnke:  C"N»H^)»  =  (?Ad*H*0*,0% 

Compare  formtila  27  with  formula  6^  which  represents  the  nential 
makte  of  ammonia,  from  which  the  douUe  amid  is  derived.  The  dif* 
fmnce  is  equal  to  two  atoms  of  HHO,   Thus : 

Nol  6.  ZH^Cfff(y  +  ZH\C"HO^  Ammona  mylite  cum  ammona 

dylete. 

No.  27.  Zir.CTPO^  +  ZH'.O^O  Amtda  mylete  cum  amida  djrlate. 

H*      0»  +  H*      O*  «  Diifm-ence. 

Arr-ut],  compare  tiiis  difference  with  the  difference  found  to  oxist 
l)''t\\  *  t:u  Xo.  15  and  No.  9.  From  those  comp;insoDS  it  appeal*:?  that 
A'o.  9,  the  bimalate  of  ammonia,  hy  losing  one  equivalent  of  water,  is 
converted  int«j  asj)artic  acid,  ami  tliat  No.  6,  the  neutral  malate  of 
ammonia,  on  lo.sing  two  e(juival(  iits  of  water,  is  convt.rted  into  aspara- 
gine.  The  same  comparison  bhuws  that  as[)artic  acid  is  a  regiilai* 
amidogen  acid,  and  that  a.'^paragine  is  a  doubh-  amid.  Gerhardt  wishes 
us  to  consider  asparagine  as  an  ammonia,  and  he  represents  it  by  tlie 
ibllowing  formula ; 

fC'H^O'  *      '  . 

KM  H» 


I  have  already  so  fuHy  expressed  the  reasons  why  I  disapprove  of  the 
proposal  to  formulate  ojudised  compounds  as  ammouias/'  that  I  need 
not  take  special  notice  of  this  formula. — Conversion  of  aspaiagine  into 
aspartic  acid;  see  reactions,  Nos.  7  and  8,  page  422.  ConverBion  into 
aspartate  of  ammonia,  Ko.  20 ;  reactions.  No.  9. 

The  relations  which  the  two  ammoniacal  salts,  No.  6  and  No.  9,  bear 
to  the  amidogen  add  No.  1 5  and  the  double  amid  No.  27,  are,  acc(N:ding 
to  the  general  £icts  which  I  have  develo]XKl  in  the  section  on  the  azotic 
radicals,  such  as  to  show  that  malic  acid  acts  under  aU  circumstances, 
as  it  necessarily  must  act  if  it  contains  two  acid  radkaU^  instead  of  onl  j 
one.  Tliis  being  the  case,  it  is  but  fair  to  assume,  thai,  where  we  have 
the  properties  and  powers  of  two  radicals^  these  two  radicals  are  present 
in  substance. 

Ortnip  M.  ComitfuitiDns  cf  A^^arcufm  wUh  bases,  Nos.  28  to  3a 

2  E 
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Besides  these  throe  salts,  other  salts  of  similar  strocture  aie  farmed  by 
the  basic  radicals  Ca,  Ci,  l*b,  Hgc,  Zn,  &<!. 

On  comparing  the  f<jnnulap  of  th^sp  s;ilts  witli  the  formulii  of  asjxim- 
gine,  No.  27,  we  }X'i(X'ive  that  the  amount  of  tiie  difierence  l>et^^•»^Il 
them  is,  that  one  of  tlio  ;imi»ls  in  No.  27  is  replaced  in  the  saito  by  a 
metallic  amidac.  Ustial  fiufnes :  28,  Aspanigiiie  with  ]X)t;ish.  29,  As- 
[xmiiirim'  with  ailver  oxide.  30,  Asparagine  with  cu[>ric  oxide,  GmeUn. 
Potass ic,  argentic,  and  cupric  aspiiragine,  Gerhardt,  The  latter  says  that 
animonic  aspaiagiiie  appears  to  be  unathiinable ;  for  if  asjwagine  is  dis- 
solved in  aqueous  ammonia,  and  submitted  to  spontaoeoos  evaporation, 
the  ammonia  flies  off,  and  the  solution  yiekb  ciystals  of  pore  asparagme. 
He  offers  no  explanation  of  this  diffioiltj.  I  suggest  that  it  is  doe  to 
the  fact  that  ammonium  s  ZH*  can  never  replace  hydrogen  in  a  vice- 
ammon  or  vicMnid — ^that  one  anmiomum  or  amidogen  cannot  involve 
another.  Hence  the  salt  No.  27  can  produce  such  salts  as  Nos.  38  to 
30,  but  the  metals  K,  Ag,  and  Cue,  though  1  i>]aceable  by  many  other 
metals,  cannot  be  replaced  by  the  radical  ZH\  Neither  can  ZIT'  in 
No.  27  be  replaced  by  ZH^,  unless  at  the  same  time  becomes  (3*; 
but  in  that  case,  the  ammonic  asparagino  would  become  aspartate  of 
ammonia  No.  20;  or,  if  both  atoms  of  ZH*  were  roplacKl  I  w  ZH*,  with 
iy  additional  for  each  radical,  then  the  si\lt  No.  27  would  be  converted 
into  neutral  malate  of  ammonia  No.  6.  Consequently,  the  productiou  of 
ammonic  asparagine  is  imj:»ossible. 

Groxp  N.  (hmfnmtinns  of  Asparngine  with  hydrated  adds  and  icith 
salts  of  iiitiuuxd  acid^,  Nos.  31  to  33. — No.  31  is  n  comlnnation  of  one 
atom  of  asparagine  with  two  atoms  of  nitiai<-  of  silver.  No.  32  tuiitains 
one  atom  of  asparagine  with  two  atoms  of  oxalic  acid ;  No.  33  is  a  com- 
bination of  one  atom  of  asparagine  with  one  atom  of  hydrochloric  add. 

Oroup  O,  MaUc  phenyl  amdeSt  or  AnQides  ofmaUc  acid,  Nos.  34  to 
38.  These  salts  have  been  described  by  Arppe  {Ann,  der  Chm.  u, 
Phar,^  1855,  xcvi.  xo6).  I  quote  from  (sherhardt  (TreM Chmk  Or- 
ganiqutf  tome  iv.,  915). 

34.  ZH,CTP;  &Hk)*  4-  H,C?HO».  This  compound  is  called  Phe- 
nvl-malaraic  acid,  or  malanilic  acid,  and  the  formula  given  to  it  is 
CrH"NO»  =  C»H''(C"'H*)NO'.  Compare  it  with  aspartic  acid.  No.  15. 
The  only  diflerenoe  between  them  is  the  leplaoement  of  normal  amid  uy 
phenyiac;  thus: 

No.  15  =  ZH«  ;  amjF  +  H,CTIO». 
No.  34  «  ZH.C«H»;  CWO»  +  H,C*HO". 

Lik'^  a!>partic  (or  malamic)  acid,  this  compound,  Phenyl-malamic  acid, 
protluces  salts  by  exchanging  H  for  basic  radiails,  of  which  salts  Nosi, 
35  and  36  are  examples.  This  acid  is  perfectly  similar  to  tin.'  anilidopjen 
acids  descril^  at  letter  D,  page  228,  save  only  that  it  h:is  two  dilierent 
acid  radicals,  instead  of  two  acid  radicals  of  tiie  same  kind. 
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35.  Phenyl-malamate  of  amrnonia, 

36,  Phenyl-malamate  of  silver;  formula  C**H'°AgXn«. 

!^7.  Phpnyl-maUmide  or  malamlkle;  ^urmala  C^W^K)^  s  0>H<' 
(C'W)*NV. 

^S,  PheDTl-ji»limide.or  tnalamle;  formula  C»HW  «  CUVC'*Hn 
NO-. 

The  ructions  of  these  salts  are  precisely  confoi mai  le  to  what  would 
necessarily  be     -flirted  of  thf  ronrtions  of  anilidoe*  n  s;tlt'=:.  ' 

When  the  siilt  Ao.  38  is  boiled  with  aqueuub  ammonia^  it  produces 
the  salt  ho.  35.   Thus : 

Z.(?ff,<?ff;  C"HW  ^  J2H.0'H';CW0^  +  2H\(?H0«. 
H  ;  ZH^  \  "  \ 

This  product  is  converted  by  barytic  water  into  the  phenyl-malamate  of 
barytes  =  ZH,CTP;  C*IPO*  +  Ri,C«HO«,  wliich  can  be  converted  by 
the  action  of  sulphuric  acid  into  the  acid  No.  34. 

This  acid  is  evidently  the  anilidogen  add  corresponding  to  ao  unknown 
acid  malate  of  phenylam,  thus : 

ZH-.C-IP ;  CirO'+  H,<?HO«  =  {  ^jj^*'  +  H.CWO*. 

The  double  ami  !  Xo.  3-7  is  in  the  same  way  derived  irom  the  unknown 
neutral  malate  of  pheuylam,  thus : 

jZff,CTI*;  C»HW1  _  JZH^CW;  <?flW  + ZH.(?H»;  CTEO. 

FmaUy,  No.  ^8  is  the  "  anile"  (see  y)tige  224,  letter  h)  produced  by  the 
abstraction  of  HUO  irom  the  ''anilidogen  acid''  No.  34,  thus: 

We  perodve  all  through  this  set  of  changes  that  the  add  radical 
of  the  mali(^  acld»  acts  precisely  as  it  must  act  if  it  consists  of  two  dif- 
ferent radicals.  There  are  also,  under  all  circumstances,  present  in  each 
compound,  exactly  the  number  of  atoms  of  oxygen  and  of  basic  radiails, 

which  form  the  complement  of  two  acid  mdicals,  0110  possessing  the 
power  to  form  normal  Siilts  with  O^,  and  the  other  with  O*. 

Groxp  P.  No.  39.  M(il:ic  Acid,  Production  of  maleic  ackl.  See 
Reactions,  No.  i,  page  420. 

Group  Q.  Nos.  40  t/)  48.  MaJcates.  CJerhardt  terms  this  a  bil'a>ic 
acid,  and  gives  it  the  formula  Cli'O"  =  C"lW",2flO.  Uiit  there  is  not 
the  slighti'st  uvidi  nce  to  prove  iLs  ^)Ossession  of  bibasic  powers,  exceptin^r 
the  occuiTeDce  of  acid  salts,  such  as  are  represented  by  Nos.  41,  43,  43. 

2e2 
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I  have  showr),  in  res)iect  to  the  sulphates  and  oxalates,  that  such  acid 
salts,  or  double  salts,  cannot  be  accepted  as  examples  of  true  bibasic 
salts,  and,  besides,  many  organic  acids,  universallv  aclmitt^^d  to  }>o  mono- 
IxLsic,  exhibit  examples  of  such  acid  salts.  I  may  insUince  the  acetates, 
the  margnnitey,  the  stc-aratcs,  and  the  henzontps.  Gmehn's  formula*  lor 
raalcic  acitl  and  it^j  salts  are  as  follows ;  CH\>*  =  maleic  acid  ;  C*HMO* 
=  monomahiaU';  C*HM0*,f^H'O*  =  Inmaleate.  His  formula  &>r  the 
ammonam  salt  No.  48  is  NiI*0,C'lICu(  V  4-  Aq. 

Group  l\.  Nu.  49.  Fujiiiiric  acid.  Production  of  fumaric  acid.  See 
Keactions,  No.  i,  page  420. 

Group  S.  Nos.  50  to  59.  Fumarates,  The  fiimaric  acid  produces  8 
few  acid  salts  sucli  as  Nos.  5 1  ,and  54 ;  but  most  of  its  salts  are  neutral, 
on  the  model  of  No.  50.  It  idso  produces  basic  salts,  such  as  are  repre- 
sented by  Nos.  56,  57t  58.  It  has  been  called  a  bibasic  add,  bat  witb- 
out  necessity,  and  to  no  nsefid  end.  59,  Fumarate  of  ethyL  Deoom* 
positions:  see  Reactions,  Nos.  10  and  11,  page  42a. 

Group  T.  Nos.  60  to  64.  Fumaric  Amides,  60,  Fumaric  aniiydride; 
anhydrous  fumaric  acid ;  anhydrous  maleic  add  =  C■H*0^  1  his  may 
i)o  supposed  to  result  from  the  abstraction  of  two  atoms  of  HUO  from 
one  atom  of  malic  acid.  No.  i : 

It  is  prepared  In'  heating  maleic  or  fumaric  add.  Bnchner  gives  an  ac- 
count of  a  salt  produced  by  heating  the  bimaleate  of  magnesia  {GmeHrCs 
Handbook,  viii.  157)  which  requires  the  following  formula:  ^(Mg, 
G^HC)  C*H,C*HO*.  This  salt  is  eqmvalent  in  stractore  to  the  bi^ 
chromate  of  potash.   See  page  12S, 

Cr*    O"  =  Bichromate  of  jjotaili. 
Mg*(C-II)*(y  =  Bimaleate  of  magnesia. 

61,  Fumaraniide  =  CN*H*D*.  Production;  see  Reactions  No.  11.  De- 
comj)ositiou ;  Keactions,  Nos.  12  and  13,  page  423.  62.  Fumarimide 
=  CrXH^'O*.  63,  Hydrated  fumarimide  =  CNH'O*  -f  Aq.  Produc- 
tion ;  sec*  Keactions,  Nns.  3  and  14.  64,  Fumaramide  with  mercuric 
oxide  =  C"N*ir(  )*,2Hm  ).  These  names  and  formulaj  are  quoted  from 
Gmehu's  Handbook  oj  Ciieinistry,  vol  x. 


Keactions  of  Salts  of  this  Malic  Group. 

I.  When  malic  add,  No.  i,  is  heated  in  a  retort,  it  sa£fers  deoom* 
position  and  produces  water,  and  either  maleic  acid.  No.  39,  or  fumaric 
acid.  No.  49.  It  de]X}nds  upon  the  regulation  of  the  heat  and  its  dnia*- 
tiou,  whetlier  the  chief  product  is  maleic  add  or  fumaric  add. 

•   H,C*ITO»  +  H,C«HO«  =  (H,CTiO»y  +  HHO. 
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A  loog-coDtiniied  heat  of  about  180*'  C.  prodaoes  the  two  acids  in  abont 

equal  qoanttti^.  A  suddenly-raised  heat  of  200^  C.  produces  chiefly 
maleic  acid.  A  loDg-coDtinued  heat  of  1 50°  C.  oonverts  malic  acid 
chiefly  into  fumaric  acid.  Tlu  r'»  is  nothing  in  these  results  which  deter- 
mines whether  the  salt  U^CHO*,  which  I  have  assumed  to  exist  ready- 
formed  in  the  malates,  is  the  maleic  or  th<»  fumaric  acid,  nor  to  show 
which  of  tiiese  acids  is  the  product  of  the  d«'Com position  of  H,C*H"'</ 
into  H^CHO*  4-  HHO.  Of  the  two  isomeric  acids  (the  maleic  and  the 
fumaric),  tlie  maleic  seems  be  most  volatil*-;  but  it  requires  a  higher 
degree  uf  heat  to  volatilize  it  than  tliat  which  suhicl-.s  (if  lon^-cootiuued) 
to  convert  the  nialio  acid,  and  the  maleic  also,  into  fumaric  acid. 

2,  When  malic  acid  is  gentlv  heatefl  with  oil  of  vitiiul,  it  prodnces 
carbonic  oxide  gas  (Dobereiner)  and  acetic  acid  (Liebig) : 

H.CHW  +  H.OTCf  =  H.CW(y  +  (00)«  +  HHO. 

It  is  possible  that  the  salt  H,C*H'0"  assumed  to  be  contairuHi  111  malic 
acid,  may  contiln  the  radioil  of  tlie  acetic  arid ;  but  this  production  of 
acetic  acid  from  malic  acid  is  not  alone  sutlicient  to  prove  that  that  sup- 
position is  a  lact.  The  circumstance  that  the  malic-acid  radical  =  C?*H* 
can  readily  produce  the  radical  =  C*H*,  is  another  fact  that  leads  to  the 
idea  that  the  raalates  may  contain  C*H^  as  well  as  C*H' ;  it  bom^  at  the 
eame  time  pretty  ceitam  that  C*H*  is  not  CTP  +  C"H*,  which  would 
make  it  a  multiple  of  the  sncdnic  ladical.  While  assuming  that  the 
radical  of  the  malic  add  consists  of  the  two  radicals  C*ri*  and  I  do 
not  pretend  to  be  able  to  identify  either  of  these  radicals  with  other  iso- 
meric radicals.  I  only  wish  to  demonstrate  the  probability^,  at  least,  of 
there  being,  in  fact,  two  radicals  and  not  one  radical,  present  in  malic 
acid,  and  thereby  to  explain  the  cause  of  the  bibasic  power  of  that  acid. 
The  identification  of  tbB  individual  radicals  is  a  matter  for  experimental 
research. 

3.  When  the  bimalate  of  ammonia  No.  9  is  heate<l  to  160° — 200®, 
it  gives  off  water,  and  is  converted  into  the  salt  Na  63 : 

ZH*,(7HW  +  H,CTK)')      J  Z,C«H»,C«H» ;  Z,C«H,C?H(y 
ZH*,(?H»0»  H- H,CTIO«f  =  t5(H,H0). 

This  is  also  produced  when  the  hydrochlorate  of  aspartic  acid  ^o,  z6 
is  exposed  to  heat : 

ZH«,C?ffO*  +  H,C?H(y  +  HCn  I      J  Z,(?H»,C>H» ;  Z.C?H.(?H<y 
ZH*,CWO»  +  H,(?H(/  +  HCl  f  '  1 2(HC1)  +  3(H,H0). 

Chemists  arc  not  acp-eed  respectinj^  the  competition  of  the  salt  No.  63. 
It  is  sometimes  called  Aspartic  acid  minus  water  =  CNHW  —  3HO. 
Sometimes  it  is  said  to  be  hydmtcd  fmnarirnide  =  O'NH^O*  -f-  Aq.  It 
seems  to  be  a  salt  in  wliich  two  anndecs  include  all  the  acid  radicals  of 
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the  two  decomposed  salts.    I  have  gt?eD  examples  of  such  salts  in  the 

indigo  series,  at  popo  265. 

4.  When  the  conijwuud  No.  63  is  boiled  witli  hydrochloric  aad»it 
prodooes  tlie  crystailine  hydrochioiate  of  aspartic  ackL,  Ho.  a6» 

Z.(?H»,C"H^  Z,OT,(fHO»  {      i  +  H.OTO^  +  Ha 

3(Ha)  +  3(H,H0)       f  ■  lZH*,CWy  +  H,CfHO^-f.Ha 

5.  When  the  hvdrociilumt^  of  aspartic  acid,  No.  26,  is  dissolved  in 
hot  water,  tlie  solution  divid li  into  two  eqmil  partis,  tiie  otw  Ninir.itcd 
with  ammonia  and  the  oUier  added  to  it,  the  mixture  thus  fuiiii»j*l  yi-iiis 
on  co4)lin<r  an  abundant  crystaUization  of  aspartic  acid.  [The  hydro- 
chloric aci«  l  being  separated  in  the  state  of  sal-ammoniac] 

6.  Whon  aspartic  acid,  No.  15,  is  acted  upon  by  nitrous  acid  in  the 
presence  of  nitric  acid,  nitrogen  is  disengaged  and  malic  acid  proUuod: 

ZH«,(?HW  4-    .mo*)      JH.CfH'O'  +  H.OTIO* 
H,NO*  f  "  I      K,N  4-  HHO. 

Here,  the  reaction  spr  nis  to  be  cntirelj  restricted  to  the  amidogen  salt 

J.  Diluted  sulphuric  acid  converts  asparagine,  No.  27,  into  ammopia 
aspartic  acid,  No.  1 5 : 

ZH*,CfH"0^  +  ZH*,CfHO  \      jZIP,CTIW  +  H,OTO» 
H,SO^  +  H,HO       f  "  I  ZH*,SO^ 

8.  The  solution  of  asparac^ino,  in  strong  hydrochloric  acid  evaporated 
at  a  gentle  heat,  leaves  sal-ammoniac  and  aspartic  acid : 

Zff^CWO'  +  ZIP,OTO  1      J  ZH%(?HW  +  H,(?HO^ 
HCi  +  HHO      f  *  I  ZH*,a 

9.  When  aspanicino,  No.  27,  dissolvc-d  in  wnter,  is  sealed  in  a  glass 
tube,  and  heated  till  the  pressure  amounts  to  tiirei'  or  four  atmcsphem, 
it  is  convertc  d  into  aspartate  of  aoimonia,  No.  ao,  without  hbezatioD  of 
aDj  permanent  gas : 

H«,     Oj  "  t 

10.  The  fumaric  ether  or  fumarate  of  ethyl.  No.  59,  is  converted  by 
hydrate  of  potash  into  iimiarate  of  potash,  No.  50,  and  alcohol: 

C?H*.C?HO"  +  KHO  =  H,OT«0  +  K.CHO*. 

1 1«  The  same  ether  is  converted  by  aqueous  ammonia  into  alcohol, 
water,  and  fiimaiamide,  No.  61 : 

<?HNC«HO*     1      J  H,CTJ*0  +  H,HO 
ZHSHO        I  *  tZH«,C*HO 
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12.  When  fumaramide,  No.  6i,  is  heated  for  some  time  with  water, 
it  is  converted  into  furaarate  of  ammonia  No.  53 : 

ZH«,OTO  +  HHO  =  ZH*,C*HO*. 

13.  Wlien  fumaramide  is  heated  with  aqueous  potash,  it  gives  off 
ainmooia,  and  produces  Aimarate  of  potash.  No.  50. 

ZIP,OTO  +  KHO  =  K,C4Ky  +  ZH«H. 

14.  The  hydrated  fumarimide,  No.  63,  see  Reaction^  No*  3,  is  de* 
composed  by  water,  and  yields  fomarimide,  No.  6a : 

(ZH,C"H;  CTIO« 
Z,C?iP,C«H* ;  Z,C»H,(?HO»  =  {  ZH,C«H ;  C«HO« 

1        H;H  O. 


If  we  disregard  the  sliprht  diflerences  iu  |)roj>erties  which  distinguish 
the  nialeates  from  the  fiunamt^,  we  have  good  grounds  for  considering 
that  tlie  formula  ^\  hich  1  have  assigned  to  niahc  acid  is  the  true  one,  and 
that  it  is  not  a  bi basic  acid,  but  a  compound  of  two  monobasic  acids : 

AU  the  chemical  reactions  among  the  malates  and  the  products  of  their 
decomposition  are  such  as  ought  to  occur  if  this  siii)p(jsition  were  tnie; 
and  in  op{>osition  to  it,  we  have  only  the  bare,  vague,  unproved  notion, 
that  the  radical  of  a  Ijil.iiisic  acid  possesses  all  die  powers  aiui  })roperties 
of  the  radicals  of  two  monobasic  acids.  I  have  no  faith  in  tliat  doctrine. 
It  seems  to  me  to  be  demonstrated  by  the  universal  properties  of 
radicflls,  that  every  one  of  them,  as  long  as  it  continues  to  be  an  inde- 
pendent rodicali  Jus,  imder  all  drcumstonoes,  the  satoiating  capacity  of 
one  ydume  or  one  atom,  a  chemical  force  wldch  nothing  can  alter.  The 
idea,  that  one  add  radical  can  neatraliae  two  basic  radicals,  or,  as  it  is 
phrased,  become  bibesic,  is  in  opposition  to  the  essence  of  a  radical. 
Only  when  liie  materials  which  oonstttote  a  radical  pass  into  the  form  of 
a  different  radical,  can  its  satmating  capacity  change.  One  radical  may 
be  split  mto  two  radicals,  or  seveial  radicals  may  combine  to  form  one 
radical,  as  in  the  ammoninms.  But  every  radical,  so  long  as  it  preserves 
its  identic,  acts  as  a  unit^  as  a  single  volume,  a  single  atom.  In  strict 
terms,  it  cannot  be  bibasic  nor  biacid,  and  the  existence  of  bibasic  salts 
in  any  other  sense  than  that  which  has  been  explained  at  page  397  is  an 
imposstbility. 
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The  Citric  Group  of  Salts. 

The  citric  acid  is  commoDly  received  as  the  Model  "  tribasic"  acid  of 
the  organic  series.  Its  formula  is  3H0,C""H'0",  in  which  3  HO  repre- 
setA  bases  f^plaoeaMe  by  3MO,  by  2HO  +  MO  or  by  HO  +  2UO.  If 
I  double  tbe  atomic  weights  of  the  carbon  and  oxygen,  and  pat  liiis 
fomqia  into  the  shape  commonly  adopted  in  this  work,  I  produce 
BPjCfHW*  where  C^HK^  is  a  constant  quantity,  and  H*  are  replaceable 
by  any  three  basic  radicals. 

The  tribesic  theory  of  citric  acid  is  due  to  Liebig.  Several  cheniisis 
have  expressed  an  opinion  that  it  is  a  compound  acid.  Berzelius 
seems  to  Irn-o  ronsidpred  it  to  contain  t^'o  atoms  of  citric  ncid  of  the 
formula  (2CH*0*)  and  one  atom  of  aconitic  acid  (CHO^  ).  l>iimas 
assumed  tliat  it  consisted  of  oxalic  acid  C*CV,  acetic  acid  CH^()*,  and 
oxal-acetic  ncid  C*(H',C*0')0'.  Pebal  thought  that  it  contained  one  atom 
of  C^HC  and  two  atoms  <.f  C*H«0*. 

I  adopt  the  idea  that  tribasic  citric  acid  is  a  triple  salt,  containinj;  not 
only  three  basic  radicals,  but  also  tiu*ee  acid  radicals,  and  I  propojie  to 
write  tbe  formula  thus : 


{ 


h!ch  o4  ,  or  H,(?HW  +  3(H,CT!0»> 
H,(?H  0»J 


I  shall  apply  to  the  radicals  exhibited  in  this  fomnilfp  tho  same  pro- 
visional names  that  I  have  used  in  the  section  on  malic  acid ;  and  I 
]-)ro|K)se  to  show  by  examples  that  all  the  citrates,  and  the  salts  that  are 
derived  from  them,  have  the  constitution  and  the  chemical  characters, 
which  they  would  necessarily  have,  if  the  dtnites  were  triple  saltSy 
ibnned  in  accordance  with  the  above  fonuuk,  and  having  not  colj  three 
basic  radicals^  but  three  add  radicals,  eadi  possessing  the  power  of  in- 
dependent chemical  action. 


f  H, 
H, 
I  H, 


EXAMPLES  OF  CTTRATES. 

H  ,C"H»0»| 

,C*H  0*V  Hydra  my  lite  bis  hydra  dylete. 

,C*H  0*J 

K  ,C^H  0*1  Potassa  my  lite  bis  potassa  dylele. 
K  ,C«H  0»J 

H  ,C*HK)'| 

K  ,C*H  0">  Hydra  mylite  bis  potassa  dylete. 
K,C»HO*J 
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Potassa  mylite  bis  hydra  dylete. 


5.  ^  K  ,C*H  0*1  Ammona  mylite  bis  potassa  dylete. 


K  ,C*1I  O'^J 
;ZH*,C«H»0'1 


6.  <  H  ,C*T!=*r)«  I  Ammona  mylite  bis  hydra  dylete, 

f  H  ,CTPO») 

7.  <  ZH',C*H  O*  I  Hvdnt  myiite  bis  ammona  dvlete. 
lZH*,C*H  0«J 

fZH*,C«H«0»    H,(?IPO«)  Ammona  myUte  bis  ammona 
8.  { ZH*,CW  OF  +  H,(?H  O*  \    dylete  cnm  hydia  ray  lite 
(ZH*,OT  0^    H,<?H  Cj    bis  hydm  dylete. 

K  ,C«ITO'  Bbc,(:m'CV)  Potassa  mylite  bis  ]x)tassa 
K  ,C«HO*+ .^l.c,C'H07  dvlete  cum  stihic  ray- 
K  ,C«H  0«     SbcC'H  0«J     lile  bis  stibic  d)  iete. 

f  Ba  ,C*H*0»  H  ,C^HW]  Baryta  myUte  bis  baryta 
{  Ba  ,CTI  0«  +  Ba  ,C*H  (A  dvlete  cum  hydra  mylite 
[  Ba  ,(m  O"     Ba       O" j     bis  baryta  dylete. 

{K  jCFBSf  H  ,€fH!\)*)  Potassa  mylite  bis  potassa 
K  ,<?H  0»  4.  ZH*,CTI  0»>  dylete  cum  hydra  my- 
K       0^    ZH\CfH  0*J    lite  bis  ammona  dylete. 

( Ag,C*H»0*  I       ]  Argenta  mylite  bis  stibic 

I  Sbc,C*H  0*  +  AgSbcO  }  dylete  cnm  aigenta  sti- 
[SbcC»H  0«  J  bicate. 


fAg,CTPO»  ca,cfir<y 

1 3.  <  Ag,(?H  O*  +  Oa,CfH  O*  +  AgGaO 


Argenta  mylite  bis  aigen- 
ta  dvlcte  cnm  calca 
mvlite  Ins  calca  dvlete 


^  (    cum  argenta  calcate. 


{C  ,C*H='0*] 
C     ,C*H  o^Melihyla  mylite  bis  metbyla  dylete. 
C  H»  ,C*E  O*  j 

H  ,C»flH)'l 

■1 

[CH»,C"H'0*| 
H  ,C*HO«V 


f  H  ,C»flH)'l 
15.     H*       0}> Hydra  mylite  bis  methyla  dylete. 

fCH»,C«H'0*| 
16 A   H  ,C?H      Metbyla  myUte  bis  hydra  dylete. 
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f  CTH»  ,C»IPO«) 
17.  {  CH*  ,C«H  0»y  Etfavla  myUtB 
,<?H  0"1 

18  J   H  ,<7H0"VAmy1aiiiyUte 
I  H  ,OT[0») 

19.  !Sh\Sh  O^l^y^  mylite  cum  ethykdylete 


etfayla  djkte. 


hydm  delete. 


22. 


23 


>  Amjk  XQ/lite  bis  ammoiia  dyletc 


Amyla  mylite  coin  polasaadylete 
Gom  bydra  dylete. 


ZH'  ^CH  0  [  Amida  mjlete  bis  amida  dylate. 
ZH»,C*HO  J 

I         jj   (}iH(yl^'^®'^y'*™  xnylite  bis  hydra 


34- 1 


ZH  ,C«H* 
H 

ZH  .CH* 

ZH  ,(:rH* 

f  A^? 

26JZH 

(ZH  ,^1 1* 

'  Ba 

27.<ZH  ,crH» 

IZH  ,C«H» 

fZH*,C*H* 
a8.<ZH  ,C«H» 
(ZH  ,C"H* 

ZH  ,C«H» 
29.  -{ ZH  ,r«H* 

ZH  ,cni* 

ZH  .C'^l 


Qil  Fbeuykc  mylite  bis  axgeotA 


dylete. 


^^*q*1  Hydra  mylite  bis  pbenylac 

cHo)  '^y^ 

CH  O  I  -^^S^"^  mylite  bis  pbenylac 

I  Boiyte  mylite  bis  pbenylac 
dylate. 


CHO 

C'H'O* 


C*H  O  i  ^^^"y^  mylite  bis  phe- 
C"H  O  I  dylate. 


Pbenylac  mylete  bis  pheny- 
lac  dylate. 

I  Pbenylac  mylete  com  dy- 


CHO 

CHO 


I  ZH  C  H  ":  (  *H  'OM  Pbenylac  mylete  com 
lZ,Cii,CH* ;  CH  0»j    tic-pbeaylac  dylete. 
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^    I  H ;  CHWi  Hydra  mylite  com  dylic- 

3^*1  Z,C'H,C?H» ;  C"H  07    phenyJac  dylete. 

dun  ayuc* 

3^- 1  Z,C»H,OT» ;  C?H  0^/    phenykc  dylete. 

ExAMPLis  OF  Aconites. 

33.  H  ,C*HO'    Hydra  aoonylete. 

34.  Air  ,C,^HO*    Argonta  aooDylete. 

35.  Ck^cmO"   Ethyla  aconylete. 

,  j  K  ,('*f{0«  1  Potissa  aoooylete  com  hydrs  aoo- 
3^*  \  H  ,U«H(>  f     nylete.  * 

K  ,G1TO'^  \  Potassa  aoooylete  bis  bydia  8C0iiy'< 
2(H,CH()«)1  lete. 

yAWClKf  )  Ammoiia  aocmyleto  cum  bydm 
I  U,CHO*  (  aooDykte. 

JZH\C^O*  1  AinmoDa  ooonylete  bis  hydia  aoo- 
39-  \2(H.CTI0^f  nylete. 

Z,C«H,C"H*;  CTi<yi  Aconylic  -phenylac  aoooy- 
H;C*HO*f   lete  cam  hydiB  aconylete. 

IZ,C«H,C«H*;  (7H0^1  AoonyUc-phenylac  acooy- 
^    {  Ag;C?B€^)  lete  com argentaaoooyleteu 

J Z,C«H,C»H* ;  CTIO*)  Aconylic-phenylac  aconylete 
4*'  IZH,  ;  CHO  J    cum  phenylac  aoonylate. 

EXAMPLLS  OF  ClTRACONATES. 

43. 1      '^H^l  trylete  cum  hydra  dylete. 

44.  (TH\(m(y  Tryladylite. 

ZH^*C^  0*1  ^^y^  tiykte  cum  ammona  dylete. 
46. 1  Ag'c^  Qi}  Hydra  tiylete  cum  aigenta  dylete. 
47. 1  Ag  ot"^}  Aigenta  trylete  com  aigente  dylete. 

48.  |5h*'?h^1  ^^^^  ^ 

1  Pb  ,C^H»0*\  Plunilia  trylete  cum  plumbine  dy- 
49- 1  Pb»,C«HO*f  lite. 

CH  'ciO    j  '^^y^  chlorate  cum  dyla  cblonte^ 


Digitized  by  Google 


428 


THEORY  OF  TOLYBASIC  A3XD  OOSTJITOATBD  ACODS. 

I.  ZII,C*H^ ;  cmo*  Ti>'lac  djlete. 

H  C*H'0'j  '^^"'^  d)  late  cum  hydra  tiylete. 


.  jZH,e'H» 
^  JZH^CH* 


1  ZH 

j  ZH,C^H^ 
7- 1  P., 


(?H  O  J     nylac  delate. 

CnVO  \  Phcnylac  trylate  cum  hydia 
C1I0«(  dylete. 

CHM)  )  Phenvlac  tr\  late  cum  am- 
C*H  O*)     mo'na  dyh'te. 

\  Phenvlac  tryJate  cam  baryta 
(rHO'f  dyiete. 

8.  ZSTH^CW  :  ini  O*  Trvlic-phenvlac  dvlete. 

9.  Z,C»H»,C«H*I;  CHO*  Trylic  -  iodic  -  piwnylac 

dvleto. 

60.  Z,C?IP,C«H»Z%(7H0«  Ti>hc-zoteiiic-piienylac 

dyl.i2e. 

^    jZH,ClPZ«;  CHW  1  Zotenic-phenvlac  tr)-lute 
•  I  H ;  C«H  CJ"  f     cum  hydra  dylete. 

IZH,(7H»Z*;  CITO*  1  Zofcenio-phenylae  tryluta 
I         Ag;C^O*)     com  argenta  dylete. 

Investigation  of  the  Citrates. 

I  J.  H,C?H«0»  +  a(H.(?HO*),   Hydia  myUte  bia  bydm  dylete. 

The  hydrated  citric  acid.  In  this  acid  there  are  three  atoms  of  hydrogen 
which  are  all,  or  one,  or  two  of  tlicni,  ri*placoable  by  other  Intsic  radicals, 
g^iving  rise  to  the  three  kinds  of  balti*  which  charactrTise  the  citrates,  aud 
which  are  illustrate<l  by  examples  in  K<;o.  2,  3»  and  ^. 

Ther6  are  three  varieties  ot  citric  acid  obtainable  in  the  solid  state,  in 
accordance  with  the  following  formulae : 

A)  .  H,c'ir(i^  4. 2(n,nio«). 

B)  .  H.C  2(1I,C*H0*)  -l-HHO. 
^  ]H,C*HV-h2(II,CW)\  ,  ™^ 

\H,C«H«0»  +  a(H,C«HO*)| 

A).  The  acid  which  corresponds  wiih  the  normal  salt<;.  It  is  pro- 
duced by  heating  the  crystallised  acids  to  2i2*^F.  B).  The  com- 
mercial acid,  which  crystallises  when  tlie  solution  is  slowly  evaporated. 
Its  ofdinaiy  fermiila  is  (^HOjCHK)",]  aq.).  C).  This  add  is  pn>- 
duoed  by  satorating  the  aolutloti  at  aia^  and  allowing  it  to  oodi  nd 
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crystallise.  Compare  the  acids  B  and  C  with  the  tadui  Nos.  12  and  13, 
wiiich  have  corresiKuiding  lormulae. 

K  .ini'ir  4-  2(K,Cm(r)  =  Trimetallic  dtmfee. 
H,C'HW4-2(K,C*H(0  =  Bimetallic. 
K  .C^H'O' +  3(H,C-H0*)  =  MonometaUic 

5].  ZH%(?H«0»  +  2(X,C*H(/). 

Tliis  i.s  an  example  of  a  neuti-al,  or  trimetallic  salt,  which  has  different 
metals  as  basic  nulicals. 

6].  ZH*,C*H'^  +  2(UfimQ^). 

Monr.inotallic  or  acid  salt  of  ammonium;  of  the  same  order  as  the 
potassium  salt  ISo.  4.] 

7].  H.CTI"0»  +  2(ZH*,€?H0^). 

Bimetallic  salt  of  animoniam,  corresponding^  to  th*'  ]iotassium  salt  No.  ^5], 
Th..'  trimetallic  salt  of  ammonium  =  ZH*,C*HW  4-  2rZH*,C"H0*), 

can  only  be  prepared  in  solution;  but  i^o.  22  repret»eiitt>  the  amidogeu 

salt  which  corr<'.-p(.>nds  to  it, 

A  great  numlx  rof  citrates  are  formed  according  to  one  or  other  of 

these  three  models.    It  is  n.Holess  to  quote  them,  because  the  fact  will 

not  be  contested.    It  is  sufficient  to  s;iy,  that  these  are  the  common 

forms  of  tlio  citrates,  and  that  they  may  all  be  represented  as  triple 

salts. 


J  zu\c'my  +  2 (ZH*,c»HO«) ) 

*^J-  )  H  ,C»H«0»  -h  2(  H  ,C«HO«)  f 

K,CWO»  +  2(  K,C«H0*)1 
Sbc,C«HW  4-  2(Sbc,C«H0')f 

J  Ba,CTW-f  2(  Ba,C*HO«)) 
I  H  +  2(  Ba 


9].{ 


II 


T  j  K  ,eHW  +  2(  TC  .CHO*)! 


K08.  8,  9,  10,  II  are  examples  of  doable  citrates,  each  of  which  con- 
tains six  monobasic  salts,  all  in  the  proportions  necessary  to  constitute 
citrates.  The  relation  of  these  sslts  to  the  simpler  kinds,  Nos.  i  to  7,  is 
80  evident  on  an  inspection  of  the  formnbe,  that  comment  appears  to  be 

needless.   

12].  Ag,C!a^  +  a(Sbc,CTKy)  + AgSbcO, 

.  JAg,(?HW  +  3(Ag,C5^0«)l 
^3>  \Ca,C«EPO»  +  2(Ca,(7H0«)f  + 

In  1^0.  12,  one  atom  of  a  citrate  is  combined  with  a  salt  on  the  model 
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of  water.  In  No.  1:5,  two  aloins  of  a  citrate  are  conilMiieti  with  a  salt 
on  the  model  of  water.  These  two  models  are  not  inicomnion  among 
the  citrates,  ll'  all  the  ratiicals  of  both  lt;rniula;  except  C*H'  and  C*H 
were  exchanged  for  hydrogen,  the  salts  would  resemble  the  crystallised 
adds  B  and  C,  Na  i.  The  structare  of  these  salts  becomes  intelligible, 
if  we  assume  that  the  mylite  which  fonns  part  of  tfaem  is  sabject  to 
become  terbasic   No.  1 2  would  then  be  represented  thus : — 

SbcSCHHJ*  4.  3{Ag,C^H0*)  «  Stibinic  mylote  bis  aigente 

dylete. 

The  corresponding  crystallised  add  (B,  No.  i)  would  be : 

Hf.C'HW  +  a(H,CHO«)  «  Hydrine  mylote  bis  hydm  dykte. 

In  diese  cases,  I  separate  the  dtrata  into  thiee  salts  which  are  mono- 
basic in  genei*al,  bat  one  of  which  is,  in  these  examples,  terbasic. 

14].  OT,C«HH>*  -h  3(CH«,c™ )'). 
15'.  H  ,CTI«0'  +  2(CH»,r«H( >*). 
16J,  CH»,C«H"0»  +  a(  H  ,CHU«). 

These  three  salts  are  the  citrates  of  methyl.  A  comparison  of  Nos.  14, 
i  3,  and  16,  with  Noa.  2,  j«  and  4,  shows  that  the  salts  are  precisely 
the  same,  excepting  that  ttie  potasaitm!!  of  the  latter  is  replaoed  in  the 
^vmer  by  methyl,  atom  for  atom.  Yet  Oerhardt  and  other  chemists 
give  to  the  salts  Noa.  1 5  and  16  the  denommation  of  **  conjugated 
adds.**  No.  15  is  their  Methyl-dtric  add,  and  No.  16  is  their  &me> 
thyl-dtric  add.  The  only  groimd  for  this  assumption  is,  that  salts  of 
lime  can  be  formed  with  these   adds."   In  that  case,  we  have 

with  No.  15,  Ca  ,C*H=*0'  -f  2 COT.CHO'). 
with  No.  16,  CH^eH\)'  4-  2(Ca,  C*HO^). 

Both  of  these  salta  are  citrates  equally  with  Nos.  1 5  and  16,  and  ought 
not  to  l)e  removed  from  that  dass  merely  to  make  imaginaiy  conjugated 
adds.  There  is  not  a  partide  of  evidence  to  prove  that  the  methyl  and 
the  citric  radicals  are  conjugated  into  a  single  add  radicai.  MetbylHatric 
add  and  I>imethyl-dtnc  add  are  phantoms. 


18 

20 
21 


C*H*  ^CWO*  -f  CT1SC*H0^  -f  C*H*,C«HO«. 
eH'',^'!!^  4.  H  ,('«H(  )*  4.  H  ,C*HO*. 
C*H",CH»0*  4.  C"II\eHO*  4-  H  ,C*1I0V 
C»ff»,(?HW  4.  ZH*.C«HO«  +  ZH*.C'liO*. 
C»H",C»HW  +  K  ,OTO«  4.    H  ,C?HO». 


According,'  to  my  method  of  looking  at  these  salts  thev  are  all  citrates, 
triple  salts  lurued  in  exact  aooordanoe  with  the  constitution  of  dtric 
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acid,  and  witli  tbe  varieties  of  metallic  citrates  described  above.  But 
Gerhardt,  re|K)rtine  Breunlin*s  researches,  will  have  the  last  four  to  be 
salts  of  conjuii-itcd  acids."  No.  1 8  is  the  Aniyl-citric  acid,  Nos.  20 
and  21  its  salts,  and  2so.  19  is  the  Ethylamyl-citric  acid.  In  the  amyl- 
citric  acid,  four  radicals  out  of  tlie  six  tliat  are  present  in  the  salt  are 
assumed  to  be  conjugated  into  an  acid  radical,  whicii  then  of  course  is 
bibasic.  In  the  last  example,  five  of  the  radicals  (C*H\  C*H,  C*H, 
CH",  and  CU^)  are  conjugated  into  one  add  radical,  which  has  to 
oomliine  with  as  the  ooireaponding  and  only  temaining  basic  ladical. 
The  fonnuls  supplied  for  the  last  salt  are  CWND'*  =  0^\(yW) 
(C^H")0^.  There  is  not  the  slightest  necessity  for  this  conglomerating 
process,  nor  has  it  any  beneficial  resolt  Oonjogated  acids  are  not 
merely  enemieB  to  the  accurate  discrimination  of  &cts,  and  to  the  precise 
knowledge  of  intricate  details:  they  are  great  high  priests  of  false  philo- 
sophy. In  salt  No,  19,  if  we  consider  itasa  triple  salt,  we  have  an  intel- 
ligible view  of  its  composition  ;  but  if  we  regard  it  as  "  ethyl  amyl-citric 
acid,"  we  must  8up|x>so  that  two  basic  radicals,  eth\  1  and  anivl  =  CH* 
4-  C'H",  combine  with  the  three  acid  radicals  =  t*\V  4-  C"H  +  C*H, 
to  form  a  sinde  acid  radical  =  C'^H",  which  has  then  on!\-  1  saturating 
capacity  e<ju;!l  to  H'.  What  has  become  of  the  saturating  capacities  of 
all  the  component  radicals  which  are  assumed  to  be  condensed  nito  this 
mammoth  radical  ?  What  proof  have  we  that  the  radical  C'*H."  is  really 
formed?    None  wiiatever. 

22],  ZH«,C*ffO«+  2(ZBP,C«H0).  CiTRAMIDE. 

This  is  the  amid  which  corresjK)nds  to  the  unknown  trinietallic  or  tri- 
biisic  citrato  of  ammonia.  That  salt  can  be  ]H'f  pnrf  d  in  solution  though 
it  t'annot  be  pr(x:ured  in  crystals.  I  wish  to  dntw  attenti(jn  to  the  feet, 
tliat  <  verv  one  (if  the  three  atoms  of  ammonium  belonging  to  this  salt 
is  converttnl  into  amid,  everv'  one  of  the  three  salts  loses  simultaneously 
one  atom  of  oxygen,  and  the  result  is  tlie  ])i'oduction  of  an  amitlogen 
i>:ilt  which  contains  only  four  atoms  of  oxygen  instead  of  the  seven  atones 
which  belong  to  the  normal  citrate.    Thus : 

ZHSC^HO*  =  nun  +  Z]p,c«iio. 

ZH%C»HO«  a  HHO  +  ZH«,C*HO, 

Now,  if  we  knew  to  a  certainty  that  the  citrate  of  ammonia  was  a  triple 
salt,  consisting  of  one  atom  of  ZH*,C*H\)'  and  t\\  o  atoms  of  ZH\C?HO*, 
this  result  is  precisely  what  we  must  predicate  as  certain  to  occur  on  the 
occasion  of  its  conversion  into  a  triple  amid.  Conversely,  therefore,  the 
facts  afibrd  excellent  evidence  in  proof  of  the  triple  nature  of  the  acid 
radical  of  the  citrates.  Of  this  oondusion,  the  following  details  respect- 
ing the  phenyl  amids  afford  ample  corroborottve  evidence : 
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23!  ZH',^^;  CWO»  +  2(  H  ,C?HO^). 
24J.  ZH  ,C«H*;  C^mr  +  2(Ag,(?H0^). 

No.  23  is  comin'>!ilv  called  the  Citmte  of  aniline.  The  other  citrates, 
coDtaininjj;  n-sjK'ctivIv  two  and  three  atoms  of  phenvlam  (ZH*,C*H*) 
have  iJOt  been  discovcriMl,  tliough  we  are  acquaint.Kl  with  th^'ir  aniids. 

No.  24  is  a  salt  in  whieh  the  mylite  of  ]>h('nyliiDi  has  Ulu  converted 
into  an  amid,  the  myletf  of  piienylac,  while  the  two  atumi  of  hydrated 
dylie  acid  have  buth  been  converted  into  dylateof  silver.  These  changes 
prove  unquestionably,  that  while  the  three  salts  which  constitute  a 
citrate  remain  in  oomlnnation  with  one  another,  they  yet  individually 
retain  Uieir  chemical  powers  unimpaired,  and  can  exhibit  the  phases  of 
all  reactions  to  which  they  are  respectively  competent,  as  decidedly  as  If 
the  tripartite  union  were  dissolved. 

Ka  34  is  described  by  Pebal  as  the  silver  salt  of  bihasie  dtn>- 
monanilic  acid  =  2  AgO,Cf*H"N0**.  Here  we  have  another  "  conjngated 
add/*  which,  like  all  the  acids  conjugated  in  this  manner,  is  an  tmwar- 
ranted  invention  and  a  useless  incumbmnoe. 

25].  H,  CWO»  +  a(ZH,crH»;  CHO). 

26J.  Ag.  4-  2(ZH,(TH^ ;  C?BO). 

27].  Ba,  C*ITO»  +  a(ZH,C«H» ;  C?»HO). 

28 J.  ZH»,CTP ;  CfHW  +  2(ZH.(?H»;  CBO). 

Tht's.'  lour  salts  arrreo  exactly  with  oiu-  an.  th.-r  in  structure.  The  onlv 
diO'ercnee  auiong  them  is,  that  the  l)asic  radical  H,  in  No.  25,  is  replacc-d 
iu  the  otiier  salts  by  Ag,  B;i,  and  ZIP,C*H*.  In  everv  example,  the 
mylite,  or  single  salt  with  the  radical  Cli^  is  a  iK^nuul  salt  with  C  and 
is  aooompamed  by  two  atonui  of  an  anile  (phenyl-amid)  with  the  add 
radical  &EL,  Theae  amids  have  each,  of  course,  only  one  atom  of 
oxygen,  the  total  quantity  of  oxygen  in  each  salt  being  five  atomsL 
Here,  therefore,  each  of  the  three  add  radicals  which  oonstitnte  the  dtric 
add  acts  precisely  as  if  it  were  an  ind^ndent  add  rsdics]. 
Comparison  of  Na  a8  with  Na  23 : — 

^'o.  23].  zir,CH^  c'H'O'    No.  28j.  zH^c•H*;  cwy. 

H;  C*HO*  ZH,('^H^  CHO, 

H ;  C«H  ()•  ZH        ;  C*1I  O  . 

In  Ko.  28,  two  atoms  rif  oxygen  are  defici*  nt  because  two  basic  radicals 
are  vice-amids  ([ihenylac).  If  two  atoms  of  HHO  could  >>o  coml  tined  with 
No.  28,  we  should  have  thc>  tril>asic  citrate  of  aniline  which  has  not  yet 
been  discov.  nd.  If  two  atnnis  of  IIHO  could  l»e  coml)in<'d  with  No.  25, 
we  should  have  the  bibasic  citrate  of  aniline,  also  at  pn   m  unknown: 

H  ;  CHW  )       fH  ;  mVir. 

ZH.CTH*;  C*H  O  +  UHA  =  ^ZIP.rH*;  C*H  ()«. 
ZH,C»H* ;  CH  O  +  H"0 j      lzH%CH* ;  O*. 
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'  USmdl  names  of  &iese  four  9dUs, — No.  25],  Otrobianilic  add  & 
C*H»WO»  «  nO.Cm^J^K^,  PM.  Pheny Wtoobiamic  acid,  Ckr- 
hardt.  MoDobasio-cttroHnoDaDilate  of  aDiUne  =  C^'IFN.HO.G^'H^N, 
O'HHy,  F$Kting*  Aniline  salt  of  monobasic  dtromonanilic  add  s 
C?'IFN.HO.C^H**NO*,  PML  Hoice  Pebal  gives  tvro  entiidy  diiferent 
names  and  fonnoke.  I  do  not  peroeive,  from  bis  description,  that  there 
is  a  corresponding  difference  in  the  things. 

Nos.  26,  27,  aii.l  28  are  Citrobianilates.  26]  =  AgO.C«'H"'N»0*, 
27]  =  BaO,C^H''N»0».  28]  «  C"H^N.H0.<yH>7^^*0^  Pebal,  Ac- 
oording  to  this  chemist,  the  composition  of  these  salts  shows  that  the 
acid  is  monobasic."  {Quarterly  Jmrnal  of  the  Chemical  Society^  v.  287.) 
I  cannot  agree  that  citrobianilic  acid  is  shown  to  be  monobasic,  because 
it  appears  to  me  that  there  is  no  such  thiug  in  existence  as  citrobianiUc 
acid ;  and  once  again,  I  say,  that  those  (Conjugated  adds  are  a  ntiisancei 
alilce  repugnant  to  truth  and  to  convenience. 

29].  ZH,CW;  C«H»0»  +  2(ZH,CH»;  C?HO). 

Compire  Nos.  22  and  29.  The  latter  is  the  phenvlac  compound  cor- 
responding to  the  amid  compound  represented  by  the  former.  Compare 
29  with  aS.  There  is  simply  a  ditltrence  of  HHO  in  one  salt;  the 
phenylam  mylite  of  No.  28  is  reduced  to  phenylac  mylete  in  No.  29; 
die  other  two  salts  in  each  compound  r 'nmining  the  same. 

Usual  names :  Citronanilide  =  C*"ii'^X^O'',  Pebal,  Phenyl-citi*amide 
=  C'*HXC"H*)*NW  Also  Triazoture  of  dtryie,  of  triphenyie,  and  of 
hydrogen 

CBS)'  \  Gerhardt. 
W  J 

While  Pebal  is  contented  with  a  dump  formula,  Gerbaidt  resorts  to  the 
ammonia  type,  and  forces  three  oxidised  salts  to  appear  in  the  garb  of 
a  triple  atom  of  ammonia ;  a  proceeding  which  is  not  warranted,  and 
it  will  be  seen,  at  Ko.  32,  that  the  anomonia  type  breaks  down  when 
applied  to  other  examples  in  the  dtric  group. 

30].  ZH,CrH* ;  (7HW  +  Z,CTI,CTI* ;  OTO*. 
3 1 1  H  ;  aWQF  +  Z,(?H,C"H* ;  (?BCF. 
3  2].         Ag ;  CWO*  +  Z,C?H,CTI» ;  C?H(^. 

These  tliroc  salts  give  important  tostimony  in  favour  ol  the  theory  which 
I  am  advocating.  Each  of  the  three  formula}  is  divided  into  two  parts. 
The  fir<t  part  of  No.  30J  is  an  amid  similar  to  the  first  part  of  No.  29]. 
The  first  {)art  of  Nos.  3f  ntul  32  resemble  the  corresponding  parts  of 
Nos.  25  aiid  26,  In  tiiuiic  parts  of  the  three  salts  tiiere  is,  therefore, 
nothing  peculiar.  The  interest  lies  in  the  s»"coiid  part  of  the  formu]r?\ 
which  is  the  same  in  all  three  examples,  and  which  repr'  ^ents  the  com- 
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pounds  tihat  are  commonly  called  JiitZes,  exanr{  )]c9  of  which  are  given  •! 
page  aa4,  and  the  theory  of  which  has  been  iiiUj  eiplainedin  tbeaedaoo 
that  oommenoaa  at  page  aaa. 

The  usual  names  and  formnlae  of  these  three  salts  are  as  follow : 
30].  Citrobiani!      CH'^N'^J',  Pekil    Phcnyl-citrimide ;  Citrf>bi:i. 
nile,  or  diazoture  of  citryle,  of  dipbenyle,  and  of  hydrog^  =  C'^H".N\>^ 

OT»0*L  Gerhnrdt. 

"Citrobiauil  may  be  su])posed  to  be  formed  from  biba^ic  citrate  of 
aniline  by  sepuration  of  6H0 : 


f 


31].  '''Monobasic  citromooaniUc  add  =:  C^IP^NO**.  It  may  be  re* 
gaided  as  monobasic  dtcate  of  aniline  minns  4HO : 

C'«H^.HO) 

HOlc»*HW  -  4HO  *  <?»H-«NOV  FML 
Hoj 

32].  The  silver  salt  of  monobasic  citromonanilic  acid  =  AgO. 

I  uiniujt  find  that  Gerliartlt  luis  anywhere  reduce<l  Nos.  31  and  32  to 
*•  type  aninioaia.'*  These  salts  in  fact  aiu  such  ai  would  require  an 
extreme  amount  of  pressure  to  fit  them  to  that  t}'pc ;  for  against  one 
atom  of  axote  we  have  in  31]  the  following  snbstitates  for  hydrogen: 
Hal  atom,  CH*  phenyl  s  i  atom»  C^H^  citiyle  s  3  atoms,  and  O 
in  excess*  These  atoma  will  make  neither  an  azotore  nor  a  dtasotaie^ 
and  therefore  "  type  ammonia"  breaks  down» 

Pebal  makes  no  attempt  to  explain  the  oonstitotion  of  these  salts.  He 
shows  their  mode  of  derivation  from  normal  salt.s,  but  concludes  in  each 
case  with  a  clump  formula  and  a  name  drawn  from  the  store-house  of 
conjugated  acids,  that  much-frequented  place  of  refuge  hr  distracted 
theorists. 

Tried  in  any  way,  these  compounds  present  great  difficulties  on  the 
theory  that  the  citrates  are  tribasic  but  monadd.  We  have  the  follow- 
ing atoms  to  deal  with : 

No.  30].  Z,ZH,C«H\C*H*;  CH'O*. 
No.  31J.  Zn,r-I!^  ;  CTPC. 
No.  3a J.  ZAg,C»H*  jCHO*. 

Presented  m  this  light,  these  basic  radicals  are  unintelligible  fragments^ 
and  the  variations  in  the  quantity  of  oxygen  are  difficult  to  be  accounted 
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for.  The  nsaal  theoretical  o.\:pi  laation  giv«n  of  aalta  that  contain  sach 
fiigmentaiy  radicals  is,  that  thef  are  So>ani>80  mum  So-and^,  That 
ez^lanatioii  tells  ns  how  the^f  cam  to  be  what  th^  are»  but  that  is  not  a 
aofficient  explanation,  I  want  to  know  uihat  they  are  while  they  are  in 
the  state  in  which  we  have  them.  Gerhardt  tries  to  evade  this  difficulty 
by  telling  us,  that  the  proper  definition  of  a  thing  is,  not  what  it  is,  bat 
what  it  has  been,  or  what  it  may  come  to  be;  an  gnsatisfectoij  argu* 
ment,  which  I  have  discussed  at  page  410. 

Now,  on  the  theory  tliat  the  citrates  aie  triple  saltSy  the  formuls  30, 
31,  and  32  present  no  difficulties  whatever.  We  can  accoant»  not  only 
for  the  variations  in  the  quantity  of  the  oxygen,  but  for  every  separate 
radical,  and  show  that  it  is  doing  its  proper  du^.   Thus : 

ztp^cip ;  (ymf\     (iro    zh,ctp;  CTron 

ZR\OW ;  C*H  0«  I  =  { +  Z  ,CW ;  C*H    \  No.  30. 
H;C'HWj       Ih»  ;C«H0*J 
A  citrate  containing  two     Water,  Reaidue. 
atoms  of  phenylam         3  atoms. 

The  abstraction  of  HHO  from  the  first  salt  simply  converts  it  into  an 
amidogpti  Siilt.  The  abstraction  of  2HHO  from  the  other  two  salts, 
leaves  such  a  resiiliie  as  constitutes  an  imide  or  an  anile^  the  theory  of 
which  I  have  fully  explained  in  tiie  article  on  imidogeu  compounds  at 
|*age  2  2  2,  to  which  I  have  already  referred.  The  azotic  radical  No.  226, 
pacre  224,  is  the  exact  a^>unterpart  of  the  second  half  of  the  ibrmuke  of 
Nos.  30,  31,  and  32.  Thus: 

Z,CfH»,C*H* ;  CWO*    Succinylic-phenylac  succinylete. 
Z,CTI  ,CTP ;  (?H  0^    Dylic-phenylac  dylete. 

Again,  No.  31  requires  merely  the  addition  of  two  atoms  of  water  to  be 
restored  to  the  condition  of  its  normal  salt  No.  23. 

z,CTr;  mi  O  +  H*0«  I  =  {  H;  C'H  0« 

CTiO  I      I  H;C*HO« 

No.  31      +  Water  =  No.  23. 

The  same  qunntity  of  water  applied  to  No.  32  would  produce  the  fol- 
lowing salt,  which  is  ueaily  related  to  No.  23  : 

ZH»,CTP;  G*HW    Ag,<?HO*  +  H.CfHO^. 

These  consitlerations  prove,  almost  with  the  force  of  mathematical 
deinoTistration,  that  the  citrates  ought  to  be  considered  to  be  triple  ^alts, 
parh  haviiiu^  not  only  three  basic  radicals,  but  also  three  acid  railicals. 
On  tiiat  bup|>o»itiou  you  can  account  fuiiy  iui  ail  their  reactions  and 
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transformations,  without  the  necessity  of  resorting  to  conjugated  addi, 
tvix?  aiiiuiouui,  or  other  cumbersome  or  rickety  hyix)the8e8,  contrived  to 
make  things  pleasant,  or  serving  to  mix  them  into  a  mnddle. 

If  on  tlie  contrary,  you  insist  that  citric  add  shall  be  consukred  a 
terl).^ic  acid,  I  ask  you  to  explain,  how  it  comes  to  pass,  that  the  citric 
acid  radical  CH*  so  thoroughly  and  effectually  holds  in  the  majonty  of 
cases,  all  the  chemical  powera  of  three  separate  radicals,  and  yet 
frequently  suffers  their  abnegation  to  such  an  extent  that  you  cannot 
dispose  of  the  positive  radicals  witliout  a  reinforcement  of  six  or  eight 
conju^ted  acids?  It  is  easy  to  declare  off  liand  that  a  terbasic  acid 
ladicfid  has  the  powers  of  three  monoteic  acid  radicals  ;  but  when  you 
come  to  account  for  the  variations  in  the  quantity  of  oxy.irpn  and  for 
tlie  constitution  of  amides,  imid.  s,  anilos,  ronjn-ated  acids,  and  similar 
imamnary  compounds  to  which  the  tcil)asic  doctrine  drives  }  ou;  the 
dilficulties  and  contradictions  which  assail  you  aro  so  unconquerable, 
that  you  are  dnx m,  in  despair,  to  take  shelter  behind  that  convement 
dummy — the  unitary  formula, 

Ia-vestigation  of  the  AC0H1TE8« 

When  citric  acid  is  exposed  to  heat,  it  disengages  carbonic  oxide 
and  carbonic  add,  and  yields  a  residue  which  is  called  Aconitic  and.  and 
which  is  commonly  indicated  by  the  following  foniiula :  ^HCC'  H^O 

*'  Aconitic  acid  is  isomeric  with  fumaric  and  malaeic  acids.  Hydrated 
flflonitic  add  contains  th.'  ehmonts  of  two  erjuivalonts  of  water  less  than 
JZL^^  3H0,C'W  +  2H0  =  3HO,C-H^O^  Indeed, 

aconitic  acid  derives  its  principal  interest  from  its  close  conn.ctir.i, 
with  dtric  add,  and  from  the  li^ht  which  its  composition  throws  u}>un 
some  apmrent  anomalies  in  relation  to  the  separation  ot  water  firom  the 
crystalhiK.1  acid  and  its  salts."    }WJer  {Elem.  Cliem,  ill  343). 

Doublin^r  the  atomic  weights  oi  C  and  O,  and  re^nging  the  for- 
mula, we  proiluce  H^C«HW.  These  numbers  repres(ait  a  teibasic  sad, 
hut  this  arid  is  made  terbasic  without  necessity-,  and  I  divide  the  Iw- 
mul  l  bv  2,.  wlm  h  h  aves  H,CHO*.  Dr.  Miller's  renwrks  respecting  tbe 
difficulti*  s  wliich  dc  IK  nd  upon  the  diflferent  degrees  of  hydration  of  atnc 
acid,  I  hav(  disposed  of  in  the  Notes  to  Nos.  i  and  13  of  rtie  atiates. 
The  fonn  u  i a  to  which  I  have  reduced  the  aconitic  acid,  H,C7HO",  agrees 
exactly  with  the  formula  of  the  add  which  I  have  in  the  sections  on  the 
Malates  and  tiie  Citrates  called  dylete    I  canrjot  undertake  to 

determine  whether  the  radical  C?H  =  Dyl  is  the  radical  of  the  aconites, 
the  mateates,  or  the  fomarat^s.  That  must  remain  for  sFcial  d.ter- 
minatioo.  I  have  hitherto  used  the  term  Dyl  to  sijrmfy  C^H,  m  order 
not  to  prejudge  the  questfen.  But  I  shaU  use  the  term  acooyl  m 
describing  the  aconites.  . 

The  Table  of  Examples,  Nos.  33  to  42,  aflord  suiiiaent  speomens  of 
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the  (liflTprent  varieties  of  aconites.  No.  33  l>  ihf  ncouitic  acid.  K03. 
34  and  35  are  examples  of  nputral  salts.  Nos.  37  ami  39  aw  examples 
of  the  triple  salts,  which  probably  gave  rise  to  the  notion  that  the 
aconites  were  terbasic ; 

The  salts  Kos.  36  and  38  a£R»rd  examples  of  double  aoonites.  These 
were  procured  by  Boup  by  dividmg  a  quantity  of  acid  into  two  parts, 
neutmlisiDg  one  part  hy  :\  V>ase,  and  then  mixing  the  whole.  The 
cr}'stals  were  subsequently  analysed,  and  were  found  to  agree  with  formulce 
tluit  lead  to  Kos.  36  and  38.  Gerhardt  and  Gmelin,  prepossessed  with 
the  idea  that  the  aconites  were  undoubtedly  terbasic,  concluded  tlmt 
Baup's  e.xperimonts  wore  inexact ;  but  oxporiments  aro  not  necessarily 
inexact,  because  their  results  disagree  with  a  theory  which  is  itself  un- 
founded. 


.  (Z,CH,CH*;CT[OM 
40- ( 


Ag ;  C^HO«f 

These  salts  are  precisely  like  the  salts  31  and  32  of  the  citric  series,  ex- 
cepting that  they  contain  only  one  kind  of  acid  radical,  instead  of  two 
diflcrent  acid  radicals.  The  theory  of  the  constitution  of  thes^  salts  is 
fhf^  same  iis  that  by  which  I  have  explained  the  citric  salts.  Gerhardt's 
name  for  No.  40  is  Phenyl-aconitamic,  or  aconitanilic  acid  =  C**H^NO* 
=  C'«H«0"  4-  C'H'N  -  4Ua  iS'o.  41  is  the  silver  salt  of  that  hypo- 
thetical  conjugated  acid. 

Z.(?H,(?IP;(mO«l 
[ZH  ,eH»;C«HOf 

Tills  is  evidently  the  combination  of  an  amidogon  salt  with  an  iniidogen 
siili  using  the  current  phrasoolofry  of  Chemistry).  Gerhardt  calls  it 
Phenyl-aconitiniide ;  aconito-bianile ;  or  diiizoture  of  aconityle,  of  di- 
phenvle,  and  of  hvdrogen.  He  gives  these  formulae:  =  C*'H'*N-0' 
=  e«H*(C"H7JS'*0' ;  also  C'H'^NW 


and  the  following  to  explain  the  ofigin  of  the  compound : 

C'WO'"  4.  2C'«H'N  -  6H0  =  C"H'*N*0'. 

These  three  phenylac  compoands  were  disoovered  by  Pebal. 

On  the  radical  theoiyt  No.  43  is  accounted  for  by  the  following 
^qtiation ! 
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ZH«,CTI»;  CfH<yi      f  HHO  4-  ZH  ,C«H»;  CHO) 

^•T;  ?S?} "  tea + cwj 

Thc^se  thrw  derivatives  from  aniline  ])resent  great  difficultir>s  of  cxi)]ami- 
tioii  il  We  treat  r»,r  in  tic  acid  a.s  terbasic  Wliat  these  diliii  ulucs  are,  1 
have  cxplaiue<i  ai  ilie  end  of  the  section  on  Uie  citrates.  On  the  other 
hand,  if  we  treat  aconitic  acid  as  monobasic,  we  can  account  for  the  con- 
stitittion  of  these  omids  easily  and  ntisfictorily* 

I  re}Kat,  then,  that  the  mnola  of  aasnitic  add  is  H'yC^HO^  and  that 
it  18  monobasia  The  assnmptton  of  the  fbnnula  3HO,0^*0^t  the 
dectaratioD  of  the  terbasici^  of  this  add  are  justified  only  by  the  doctrincv 
that  it  is  easy  to  oonveit  a  monohasie  add  into  a  terbasic  acid  by  tripling 
the  forrada.  See  pe(^  395. 

hfVBmQAJlOV  or  TBB  CtTRAOONATEB^ 

The  mmmon  foiimila  of  ihf  Citraconic  acid  is  2HO,C*HH3',  and  it  is 
est»'«-nied  to  i>e  bibA.sii  .  I  pi'  jxj.se  Uj  sliow  tliat  its  reactions  and  trans- 
format  ions  are  such  as  iiidicate  tliat  it  is  a  double  monobasic  salt,  having 
two  diiierent  acid  radicals,  and  freeing  with  the  following  fonmiia : 

As  this  acid  can  be  prepared  by  heating  aconitic  add,  it  Is  probable  that 
the  radical  CU  is  aconyl ;  bnt  as  the  acid  18  oommonly  procored  by 
heating  citric  acid,  and  as  I  do  not  wish  to  prejndgc  the  question  rc- 

spertincr  tlie  identity  of  these  isomeric  radicals,  I  shall,  as  before,  call  the 
radical  C^H  dyi,  while  the  other  radical  CPH»  shall  be  called  tn/l.  Tliis 
rarln  al  agn^os  in  composition  with  acrj'l,  the  radical  of  acrolein,  and 
with  the  radical  of  the  pyruvates.  All  theso  radicals  are  ]iroduced  by 
he-atinir  otlier  hydrocarbons.  They  may  be  one  and  the  same  tiling,  but 
I  cannot  say  that  they  are  so,  and  therefore  I  use  the  term  tnjK  as  a 
pn>\  isiunal  name  for  the  add  radical  C^H^,  as  it  occurs  in  the  Citra> 
conatos. 

Examples  of  CiLra«:onates  me  given  in  the  Table,  Kos.  43  to  62.  As 
many  of  these  salts  present  forms  of  combination  whicn  have  beea 
already  examined  minutely,  I  shall  pass  over  them  briefly. 

43].  H,CH=0«  4.  H,eHO»    Hydra  tiylete  cum  hydra  dylete. 

This  is  the  hydiated  aconittc  add«   Being  a  doable  acid,  it  has  Uyo  le* 

placeable  atoms  of  hydrogen,  and  in  that  sense  is  Imly  bibasic ;  but,  as 
each  of  these  basic  radicals  is  combined  with  a  separate  acid  radical,  the 
salts  are  not  bibasic  in  the  ordinar}'  sense  of  that  term,  but  are  biadd  as 
well  as  bibasic.  44I.  Tliis  is  the  citraconic  anhydride  or  anhydrous 
citraronir  acid  =  C^H^.C'HC)^,  which  agrees  precisely  with  the  compound 
anhydrides  described  at  pag»^  121.  45I  and  463  are  exam])lcs  of  acid 
dtraconates.    47]  and  48 J  are  exau)ple:>  oi  neutral  utracouates.   49^  1^ 
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a  compound  salt  in  which  oue  of  the  constituent  salts  is  tribasic.  50] 
is  the  oxychloride  of  citraconyl;  whicli  Gnitlin  calls  Chlorui)yrociU'yl. 
A  moist  air  converts  it  into  hydrochloric  and  hydrated  citraconic  acid : 

C^^}I\C10  +  H,HO  _  B,(^mf  +  HCl 
U*H,CiO  +  H.HO     H.(?H0»  +  HC1 

The  oxychlorides  in  general  have  one  atom  of  chlorine  and  one  atom  of 
oxygen  with  each  organic  radical.  The  same  proportions  occur  here. 
There  are  two  atoms  of  chlorine  and  two  atoms  of  oxygon,  Ix^cause  there 
are  two  organic  radicals.  5 1]  is  the  Citraconimide,  formed  by  the  action 
of  heat  on  the  citraconate  of  ammonia,  No.  45] : 

_j  H  ;CWO^i  _  JZH,C^H*;  CTIO'  =  51]. 
43>  -|ZH*;C*H(/|  "  \  HHO  -f  HHO  =  water. 

53]  IS  called  Citraocmamidet  and  also  Cltiaooxiamic  acid.  The  term  Ci- 
tnuxmamide  is  impioper,  because  it  implies  the  amide  of  the  neatral 
citoaoonamate  of  ammonia,  which  must  have  this  compoeitioii : 

whereas  No.  52]  is  the  amide  of  the  add  citraoonate  of  ammonia,  and 
therefore  the  terra  citraoonamic  acid  is  preferable.  No.  53]  is  the 
barytic  salt  of  that  acid.  There  are  similar  salts  with  Pb  and  Ag  instead 
of  Ba.  These  salts  brlonc:  to  tlie  amidogcn  acids  with  compound 
radicals,  group  C,  page  227.  Compare  242  (in  that  page)  with  52,  and 
246  with  53. 

5  4].  This  is  the  double  aiiiidogen  salt,  formed  from  the  (unknown} 
neutral  citraconate  ot  aniline.    Thus : 

ZW.CW ;  (TWO'  _  ZH,CH*  ;C*H»0  +  HHO 
ZH»,C^»;C»HO»     ZH.C*H»;(?HO  +  HHO. 

55].  This  salt  bears  the  same  relation  to  the  acid  citraconate  of  ajiiline, 
which  54]  bears  to  the  neatral  salt,  excepting  that  it  is  necessarily  pro- 
duced by  the  abstraction  of  only  one  atom  of  water.   Thns : 

ZH^eH* ;  C»H»0«     ZH,C«H* ;  C"H»0  +  HHO 
H  ;C«HO»  ^  H  ;C«HO« 

55]  belongs  to  the  anihdogen-adds  ^th  compound  radicals.  Group  D, 
p^e  228.  The  salts  of  this  class  are  called  acids,  only  in  accordanoe 
with  Gerbardt*s  law,  that  '*  any  substance  is  an  acid  which  contains 
hydrogen  capable  of  being  replaced  by  metals  bj  doable  decomposition.** 
)6]  and  373.  These  are  merely  examples  of  salts  corresponding  to  the 
imaginary  ^acid**  No.  55. 

58J.  Z,^^H^rH*    ;  C*HOi 

59].  Z,eH^("  in  ;  C*HU* 

60J.  Z,C»li^C^H^Z*;  C*HO» 
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No.  58  is  an  "  anile*'  similar  to  those  described  in  Gronp  b),  page  224, 
No.  59  is  similar  to  58 »  but  contains  iodic-phenyl  instead  of  normal 
phenyl.  No.  60  is  similar,  but  contains  sotenic-phenyl  instead  of 
nonnal  phenyl.  The  presence  of  two  atoms  of  azote  in  this  vice-radical 
causes  the  salt  No.  60  to  have  four  atoms  of  oxygen  more  tlian  the  cor- 
responding salts  Nos.  58  and  5'}.  Soo  the  account  of  the  iodic  and 
zotic  vice-radicals  at  page  132.  No.  58  is  derived  from  the  acid  citra- 
conate  of  phenylam  by  the  abstraction  of  two  atoms  of  UUO.   Thus : 

zH»,cna[»;  c»ffo«  _  z,c»h»,cti»;  cmcf 

H  ;(?H0»  ~  HHO  +  HHO. 

61].  This  salt  is  perfectly  erinivaleiit  to  55,  oxcoptincr  that  it  contains 
zotenic-|)hcn)  1  instead  of  normal  phenyl,  and  consetjuentiy  has  four  addi- 
tional atoms  of  oxygen. 

Czj.  The  silver-salt  of  the  **acid"  61,  This  salt  is  equivalent  to 
57,  excepting  that,  like  its  acid,  it  contains  Z*  +  instead  of  U'  in  the 
phenylac. 

Usual  names  of  these  anUime  compimnds. — 54].  Di  phony  1-itaoonamide, 
or  diazoture  of  diphenyle  and  of  itaconyle  =  C''H'*N"0" 

f  C»H^ 

[  H« 

also  Ttaconanilide  =  C'W(C"H*)«N'0*,  Gerhardt.  55].  Plienvl-itaco- 
naraic,  or  Itacon.milic  acid  =  C**H"NO"  =  C''T1'(C'W)^0^  Gerhardt. 
Citraconanilic  acid  =  HO.CTI'^N(>*  =  HO.C'«H«N,C'«H*0*,  FMing. 
J8J.  Phenyl-citraconimide ;  citraconanile  =  C«*H»NO*  =  C"*HYC'«H*) 
NO*,  Gerhardt.  59J.  Icxlophenvl -citraconimidc,  or  CitraconKxlaniie 
=  C"H»INO*  =  Qm\C}*m)'Si)\  Gerhardt.  60].  Dinitmph.nvl- 
citraconiniide  =  C'W(C 'HXN07)^'0^  =  e^H'(N0*)'^iSO*  = 
C^H'JS'O",  Gerliardt.  Citraconbiuitranil 

=  C'«  {        }  N.C"HH)*,  FMng. 

61].  Pinitrophenvl-citraconaniic  acid  »  CWNK)**  »  C"HVNO*W 
»  C»W(C'«H"(NO*)«)NO»,  Gerhardt. 

In  55  and  61,  we  have,  according  to  Gerhardt,  two  more  conjugated 
acids;  for  which  assnmptions  there  is,  as  usual,  neither  evidence  nor 

necessity. 

I  have  treated  these  complicated  compounds  (the  Citraconates)  very 
brieflv,  because,  as  1  have  mentioned,  every  (ovui  of  C(»m1'!Tiation  vt'hich 
they  exliihit  has  re|)eatuily  come  und'-r  onr  (Nmsidfration  m  tiie  precr-ding 
pajires,  and  it  ap|>ears  to  Ixj  Uijelesij  u>  rejx'at  ex|>!anations  and  demon- 
strations with  wliich  the  render  may  reasonably  be  supposed  to  be  bj 
this  time  suiiicicntly  actjuauiLcd. 
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The  Succinic  Oxonp. 

I  have  suggested  at  page  8i  the  desirableneBS  of  daaaified  Tables  of 
oompoond  radicals,  wbich  should  ezbibit  all  that  are  known,  and  indi-  • 
cate  the  place  aod  compodtion  of  soch  as  are  onknown.   And  at  page 
79  I  have  given  a  Table  representing  the  radicals  which  constitate  the 

vinyl  series. 

In  that  Table  I  have  pointed  out  a  regolar  series  of  Acid  radicals, 
which,  beginning  with  formyl  =  C'H',  proceeds  by  the  addition  of 
atoms  of  vinyl  =  C'H\  one  after  the  other,  to  form  the  series  C*H*, 
O^H^,  &Ct  np  to  Melissyl  =  C^H^,  at  which  point  we  reach  the  limit 
of  known  acid  radicals  of  this  series. 

In  the  samn  Tnhh  I  have  described  a  scries  of  Basic  radicals,  which, 
beginning  with  hydrogen  H',  proceeds  by  the  addition  of  atoms  of 
vinyl,  C'H\  one  after  the  other,  t<)  form  the  regular  series  GIP, 
&<:.,  up  to  Myricyl  =  C^H**,  wlier.  the  limit  of  basic  radicals  of  this 
series  hithorto  discovered  by  experiment  is  again  reached. 

In  the  same  manner,  I  now  ])roceed  to  describe  a  regular,  thou  eh 
only  a  short,  series  of  acid  radicals,  which  we  may  conceive  to  'f '  f  rmcd 
bv  ronmioiicing  with  a  single  atom  of  carbon  =  C,  and  adduig  to  it, 
one  Ity  one,  a  succession  of  atoms  of  vinyl  =  C'H*.  We  thtis  produce 
a  Series  of  acid  radicals,  which  arc  all  necessarily  distinguished  by  having 
an  even  numlier  of  atoms  of  hydrogen,  in  which  respect  thoy  differ 
essentially  from  the  radicals  of  the  vinyl  series,  all  of  which  contain  an 
uneven  number  of  atoms  of  hythogen  : 

C  4-   CH«  =  CTI«  =  Succinvl. 
C  +  2CH*  =  im*  =  Adipyi. 
C  4-  3CH«  =  C*W  =  Rubon-l. 
C  -h  4C;H''  =  C*H«  =  SQbamyl. 

Thia  is  the  limit  of  the  series  as  iar  as  it  is  known  at  present.  These 
radicals  produce  the  following  monobasic  acidsi  each  with  two  atoms  of 

oxygen: 

Common  Names. 

H,C*H*n«  =  Hydra  siiccinylete  •    •    Succinic  acid. 

H,(:'-*H  n^  =  Hydra  adipyletc     .    •    Adipic  acid. 
HJ^'HV  =  Hvdra  snlKTvlete   .    ,    Suberic  acid. 
HjC^HW  =  Hydra  sebamvlete  .    .    Sebacic  acid. 
These  acids,  and  all  tlieir  salts,  have  the  laculty  of  forming  interme- 
diate double  salts,  and  thus  produce  the  ibUowing  series : 

CooBinoii  NiiDCf. 
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These  seven  acids  ars  commonly  assumed  to  be  Bihasic,  but,  making  a 
distiDction  between  bibasic  salts  and  double  salts,  I  deny  that  there  is 
any  e\idence  to  sustain  this  bibasic  character.  I  slmll  show,  that  tlie 
first  four  acids  arc  dfcidedly  monobasic,  that  the  last  three  are  double 
acids,  which  act  precisely  as  if  each  contain«M|  two  sofrir-ite  acid  radices, 
and  that  the  supposition  that  they  contain  special  bii^asic  radicals  is 
«rroneous. 

Before  I  proceed  to  the  examination  of  tli«  se  acids  individually,  T 
will  refer  to  the  relatioos  which  tiiey  bear  to  certain  adds  of  the  vinyl 
series : 

H,e     0*       -f  0»  -  H,HO  «  H,C*irO«  4-  H,C«HW 

Butvric  acid.  Succinic  acid,  2  atoms. 

H,C*  W(y       +  0»  -  H,HO  =  H,C*H*0*  +  H,C»H*0" 
Valerianic  acid,  P\  rotartaric  acid,  r  atom* 

H,C«  H"0«       4-  0»  -  H,HO  =  H,U^H*0*  +  H,(;^Hn  V 
Caproic  acid.  Ad i pic  acid,  2  atoms. 

H,(7  H'W  +  0«  -  H.HO  =  H,C^H*0«  +  }I,eH*0*  , 
(Enanthyiic  acid.  Pimolic  aci<l,  i  at<im. 

H,e'H»0«       +  0^  -  H,HO  =  H,C*H'0*  +  H,CMi'X>* 
CaprvHc  acid.  Suberic  acid,  2  atoms. 

H,C'li'  o«       +  CP  -  H,HO  =  II,C*H^O*  4"  H,eii'^0* 
Pelargonic  acid.  '  Anchoic  acid,  i  atom. 

H,C»»H"*0^      +      -  H,HO     H,C»H«0«  4-  H,C*HW 
Ratio  acid.  Sebacic  acid,  a  atoms. 


According  to  this  Table,  when  a  Tolatile  add  of  the  vioyl  series  is 
decomposed  by  3  atoms  of  oxygen,  one  atom  of  water  «  HHO  sepa- 
xateSy  and  the  fesidoe  forms  two  complete  adds  of  the  snodnic  group. 
Eacperiment  confirms  this  theoretics]  view  in  freqnent  cases;  the  adds 
witn  an  even  nomber  of  atoms  of  hydrogen  being  often  prodtaced  when 
the  adds  of  the  vinyl  series  are  heated  with  nitric  acid.  So,  inversely, 
when  the  adds  of  the  succinic  group  are  heated  alone,  tltey  give  off 
carbonic  add  «  GO*,  and  produce  volatile  adds  of  the  vinyl  group. 

The  succinic  group  of  adds  is  sometimes  called  the  oxalic  acid  cn'^^iipi 
and  it  is  made  to  rnmrnence  with  the  ladical  C,  and  the  add  H,CO*  s 
hydra  carbete  or  hydra  ted  oxalic  acid. 

Plnrint,'  that  acid  =  1 1, CO*,  l)cfore  succinic  acid  =  H,C*ii*0*,  we 
might  expect  to  find  the  intermediate  double  add 
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iH  C  0*i 
H  CHH)*}         carbete  com  hydra  8oocmylete» 

bat  no  bibasic  add  of  this  composition  has  hitherto  been  observed. 

Table  of  Examples  of  the  Sucdnic  Group. 
A.  Thb  Suocutahs. 

1 .  H  ,C*H'0*    Hydra  succinylete. 

2.  C»H«,C*HW   Succinyla  sucdDylite. 

i2(H  ,C^HH>^ )  Bis  hydra  sacdnylete  cam  sncciDyhi 
C?B»  (?H«0»  f  socdDylite. 
4.     K  ^CTPO*  Potassa  suocinylete. 

j   K  ,0^*0'  (Potassa  sacdnylete  com  hydm  sacd- 
5- 1   H,CT1«0«  f  nylete. 

r  I    K,C*H*0*  ) Potassa socdnyletetris hydm socd- 

^-  \l{y\  \  nylete. 

7 .    Z  H ' ,  1  H*0'    Aramona  snccinyleU?. 

«  J  ZH^C*H'()^  I  Ammona  sucdnylete  com  hydra 

\    H  ,( '*H*0^  f  succinylet<^. 
9.     Ag,C*H*0^    Argenta  succinylete. 

10.  CH%CH«0*  Methvlasualnvl.'to. 

11.  CH*,C*H«0*    p:thyia  succiiiyiete. 

j    K  ,Cf  H*0*  )  Potassii  .sucdnylete  cum  magna  suc- 
I  Mg,C«H*0=^  /  citiylcte. 
I       Mg^,C*H^    ^laguine  succinylite. 

Axti^  Compofmdts  of  GrfA/p  A. 

14.  ZH*,CHK)  ....    Araida  succinylato. 

15.  ZH,CH* :  C«H«0  .    .  ,  Phenylac  succinylate. 

10.  <  p{  •    •    •   Hydm  amida  saccmylemte. 

'7*  I  Ag  C'H'O*!    *   *   *   Aigenta  amida  snccinylenite. 

.   Uydm  phenykc  saccinylenite. 

•    Argenta  phenylac  suodayie&ite. 

20.  ZH.Cm^CWO'    .  Sacdnylae  sacdnylete. 

21.  ZAg,C*H* ;  C*H*C)'   .  Argentic-succinvlac  sacdnylete. 

22.  ZC«H*,C*H* ;  CHW  .  8uccinylio-phonylac  sacdnylete. 
JZH"    ;  C*H*0I  Amida  sucdnylate  cam  ar- 

^3' IzUAg;  CHK)/   '   *  geotac  sacdnykte. 


,Q  jZH,C«H»;  CWO 

IZH,C-IP;CTTO 
'9- I  Ag;C?ffO» 
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ChloriM  Con^pomds  of  Group  A. 

24.  OT*,C10     •   .   .   ,  Siiccmyla  chlorate. 

25.  H,C*C'1*0«    ....  Hydra  chlorenic-succinylete, 
ao.  K,C*(Jl*0'    ....  Potassa  chlorenic-succinvlete. 
27.  C«Cl*,C«Cl\)»    .    •    •  CWorunic-ethyJa  chloi«ttio«iio- 

dnylete. 

StdpJio-sticciiiates, 

"^•{h;™'  }Hyd»«icdiiyletecnmh7dia8nlphete 

|2(H sncdDylite  bis  hjdra  i^dphete. 

H  'otg^l'^™"^^"^  snccinylete  cum  hydra  saocUij- 
2{ZH*  SO*)  j         ^  ammona  salphete* 


31.^  H,(?HW 


Potassa  snccinylete  cum  hydra  suodnylete 


Plumba  succinylete  cum  hydia  succinylete 
his  piumba  sulphete. 


f  

' 1 2(K^O*)'  (       potafisa sulphete. 
32  J  H,C«H«0* 

(2(Pl),f<0') 

K  SO"     [Hydia  succinylete  cum  potassa  sulphete. 
34. 1   p^'^^^  |pitimba  SQCcinylete  cum  phimba  snlplietes* 

2(Ca'  SO")   (^^<^*"7^  sucdnytite  bis  calca  sulphete. 

^  jCHBa,CH'0^njarvtic-succmyla  succinyUte  bis  baiyta 
^^'\   2(iia,S0«)  J  sulpliete. 

B.  ToeAdipatbs. 

37.  B.,(?BXf  .    .    .    Hvdra adipylete. 

38.  CA,(m*C^  .   .   .   Galea  adipylete. 

39.  Ag  ,C*HXy  .    •    .    A  rgenta  adipylete. 

40.  OB*S^B*Cf  .    .    •    Ethyla  adipylete. 

C.  ThB  SUBBRATES. 

41.     H,C^^  .  .  .  Hydra saberylete. 

4a.   ZH*,C*H"0*  .  .  .  Ammona  suberylete. 

43,  Ag  ,C^H''0*  .  .  .  Argonta  subervlete. 

44.  Pb,C*}W  .  .  .  Plumba  suberylete. 

j  Pb*,C*H«()^l  Plumbine  suber)'lite  com 

"^'-l  Ph  CMlWf  •  •  •       plumba  subervlete. 

46.  CH^C^H*0«  .  .  .  Methyla  suberylete. 
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4^. 
49- 

51- 


ZH",C*H^3    .  . 
ZH,(?H»;eiro 
ZH,OT[»,  C*HK)) 

H  ;  C»HWr 
ZH,C?H*;C*H«C)i 

Ag;  C*H-0-/ 


Ethyla  saberylete. 
Amida  sabeiylate. 
Phenylac  sabieiylatc. 

Hydra  phenylac  suberyienite. 
Argenta  phenylac  buberylenite. 


D.  TheSebateb. 


52.  H.C'HW    .  . 

53.  K,CH()''    .  , 

54.  Air, cm)*  ,  . 

55.  C  mC*H»0«    .  . 

56.  cir.c^iw   .  . 

57.  zn^(:wo    .  . 

.  J  zH^cH•o  \ 

59.  H,11,C^H^  C»H"0* 


Hvdra  sebamvlete. 

Artrcnta  st-liaiiivlcU'. 
Met  1 1\  la  solxiin y  Ic-tc. 
Etli\  la  sol\imyl»*tc. 
Amida  scbamylate. 

Hydra  amida  sebamylenite. 

Hydren  glycyla  sebamylote* 


6c.  I 
61. 
6a.  I 

63.  j 

64.  { 
65. 

66.  < 

67.  j 

68. 1 

69.  { 
70. 1 

,..{ 


E.  The  Ptrotartrates. 

H  .(''iroMIlydra  adipvlete  cum  hydra 
H  X'^H'O*}  'surcinvicto. 
eH*,C*HT)=»  Adipyla  siKcinylite. 

ZH*,C*H*(J'I  Animona  adii)vleto  cum  am- 
ZII*,eHW|    mona  siucinyk-te. 
ZH^jCWO'l  Annnona  adij)vlete  cum  hy- 
H,CH*0''f    dm  siKvinylrto. 

l*a  ,CH*0*|  Barvta  adipvlute  cum  baryta 

lia,0"HK>»|'  succinyloto. 

lia  ,0*HK)^i  Baryta  adipvlete  cmn  hydia 

H  ,C"HW(  saccmylete. 

Pb  ,(?B^  I  Plumba  adipylete  com  plmn- 

Pb  ,(?IPO»  1    ba  sucdnylete. 

Pb^^CH^lPlombine    adipyKte  com 

Pb  ,C«H*0«  f    plumba  sacdnylete. 

Pb*,C=H*C>'iPlumbinG    adipylite  com 

Pb^C*H"0■'j     plunibine  succinylite^ 
CIP^-'HMj'iMethvla  adipvlete  com  me- 
C  H^C'*H*0'  f    thvla  succinylete. 
(m\C'U'^    Kthv'la  a<lii)ylete  cmn  ethyla 
CH\CmH)^i  succinyl.to. 
AIc',C^H*(  )^)  Alinic  adipvlite  cum  bydrine 

H*,CH«0='J  succinyli'te. 
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j  Bic*  ,C'H*0^)BUrainic  adipylite  cnm  b»- 
7^-  |BicH',C'H*()'f    mic  hydren  soodnvlite. 

jUc=*  ,C^HH)^iUrinic  adipylite  cum  uric 
"3- |UcH«,C*H*0"j    hydren  fiucciDylite, 

Azotic  Compounds  of  Group  E. 


/4 


75.  Z,CW,CW;  C'HW 

76.  Z,Cf H*,C«H*Z ;  C'H*0^ 

„  JZH,C«H»  ;  (?H*0  ) 
"7- 1        H  ;C«IPO*f 
JZH,CW  ;  (TWO 

J  ZH,CTI*Z ;  OTXy 
79- \  H;CWO« 


Adipylac  succinyletc. 

Ad ipylic-phenylac  iiiiccinylete. 

Adipyiic-zotic-phenylac  suc- 

cinylote. 
Phenylac  adipylate  cum  hy- 

diB  sttcdnylete. 
Phenylac    adipylate  com 

|)Iumha  snccinylete. 
Zotic-phenylac  adipylite  cum 

hydra  soodnylete. 


i\  The  Fimelates. 
80.  <  J I  'c^H^O"!  "    Hydra  snberylete  cum  hydra  adipylete. 

•  Ai]gpeiite  auberylete  cum  argente  adipylete* 
G.  Trb  Ancroatbs. 

•  Hydra  sebamykte  ciim  hydra  auberylete. 
«   Aigenta  sebamylete  com  argenta  anberyiete* 

«    Baryta  sebamylete  com  baryta  suberylete. 
Potassa  sebamylete  cum  hydra  suberylete. 


iAg,(-H«rn 


llI,C*H«0*f 
jAg^^^H-'O'l 

JBa,C?»H-0» 
85.' 


K,C»HK>"1 
H,C*HWf 


Xavestigation  of  the  Succinic  Group  of  Salts. 

The  Sqocinates,  Group  A.  Noa.  i  to  36. 

.  H^CfBH)"  Hydra  ancdnylete. 

.  CfH*,CW)»    ....   Sucdnyla  Bucdnylite, 
3 J.  2(H,C*HK)")+CTP,C?HWKa  hydra  succinylete  com 

aaccinyla  aucdnylite. 

These  three  salts  represent  succinic  add.  No.  i]  is  the  crystallised 
acid.   No.  2]  ia  the  anhydrous  add.  No.  3]  is  the  sublimed  add, 


I 

3 
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which  contains  two  atoins  of  the  hydmted  acid,  and  one  atom  of  the 
anhydride,  or  in  all,  fbor  atoms  of  the  radical  sticcinjL 

Gerhanlt  doubles  the  fenntila  of  succinic  acid,  and  calls  it  Bibabic  ; 
many  organic  chemists  imitate  him ;  but  the  practice  is  unnecessary,  and 
the  consequences  are  more  injurious  than  beneficial*  All  the  salts  can 
be  perfectly  well  accounted  for  on  thr  sn]  pn  iti  on  that  succinyl  is  mono- 
basic, and  agrees  with  the  formula  C?'H^  This  radical  has  no  atomic 
measore  in  gaseous  salts.   See  page  96. 


4],  K,(?HW 
9]. 


10 

1 1 


These  five  salts  arc  txaniples  of  neutral  monobasic  succinates, 

JK,C"H*0*         J  zH*,cn«o«         ,  J  K  ,r^TI*0* 

These  are  examples  of  double  salts,  of  similar  constitotion  to  the  doable 
aolphates  (page  150)  and  doable  oxalates  (page  s^^)• 

6].  K,C  irO«  4-  3(H,C'H«0«). 
A  qnadruple  salt,  eqniyalent  to  the  qoadioxalate  of  potash  (page  179). 

1 3].  Mg»,(?H«0»  =  Mg,C«H«0»  4-  Mg.MgO. 

A  terbasic  succinate,  similar  in  >tmcture  to  the  terbasic  j)hosphates  and 
othpr  salts  of  this  character,  which  have  been  irequeutly  explained  in  the 
preceding  pages. 

Suocmatesw^  AzoHc  Badioals,  Nos.  14  to  23. 

Tile  salts  of  thid  group  present  forms  of  combination  which  have  been 
so  frequently  quoted  and  criticised,  that  it  seems  to  be  scarcely  neoessaiy 
to  go  through  their  Investigation  individually.  No.  14]  is  Sncdnamide, 
derived  from  the  neutral  ammoninm  salt  No.  7.  No.  1 5]  Sncdnanilide, 
corresponding  to  14,  bnt  containing  phenylac  instead  of  nonnal 
amid.  16J.  Snocinamic  acid.  See  No.  245,  page  227.  17].  A  salt 
of  the  acid  No.  16.  18].  Sucdnanilic  acid.  See  No.  2j;o»  page  228. 
19].  A  salt  of  the  acid  No.  18.  20].  Succinimide ;  see  No,  22i,  yiage 
224.  21].  Succinimide,  in  which  U*  is  replaced  by  Ag*.  22].  Suc- 
cinanile;  No.  226,  page  225.  23].  A  double  atom  of  sacdnamide,  in 
which  one  of  the  atnTns  of  ZH"  has  been  replaced  by  ZH  Ae^.  The  salts 
of  this  group  have  lu-eii  thoroughly  invostic^tod  in  th-  Theory  of  the 
Azotic  Radicals,  particularly  between  pages  222  and  228. 

Chhrnie  Compounds  of  Group  A,  Nos.  24  to  27. 

24].  The  oxvchlunde  of  succinyl.  25].  Succinic  acid,  in  which  all 
the  hydrogen  of  the  acid  radical  is  replaced  l)y  cldoiine,    26J.  rutaih 
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salt  of  the  chlorinated  acid  No.  35.  27].  Snccinate  of  ethjrl,  Na  1 1,  in 
which  all  the  hydrogen,  both  of  the  suocidjI  and  the  ethyl,  is  replaced 
by  chlorine. 

The  Sulpho-succinates,  Nos.  28  to  36. 

It  is  staU'tl  in  most  cliLMiiical  works  that  the  sulpho-succinates  contain 
a  roni{>oun«l  acid,  the  sul})h«>-succiiiic  acid,  which  is  connx.»s«l  of 
jiliiiiic  arid  and  succinic  acid,  and  which  is  TjiiiBASlC.    Gerhardt's  foe- 
mulii'  for  it  arc      fullow : 

aWSH)'*  +  aaq.  =  C'H  (r,2SO^  +  aaq.  {DraUSde  Cpmk,  u.470), 
and  C*HW  =  0*  {Ttaxt^,  iv.  611),   Miller'u  fonxnda 

18  3H0,Cf HWtjSO^t  2  aq.  I  am  Tinable,  however,  to  find  any  evidence 
to  prove  the  existence  of  this  compound  or  conjnggted  terbasic  add,  and 
it  appears  to  be  far  more  probable  that  the  salts  are  compoonds  of  succi- 
nates with  sulphates,  sometimes  nentod  and  sometimes  with  excess  of 
acid.  The  formols  Nos.  28  to  36,  are  framed  in  aocoidance  with  this 
opinion, 

a8].  H,C?H\)«  +  H,S<y.  ' 

A  double  salt  containing  one  atom  each  of  hydrated  snccinic  acid  and 
hydiated  salphmric  acid.  These  proportions  agree  with  Miller's  formula 
and  with  6erhardt*8  first  formula.  It  is  a  double  acid,  and  not  a  sin^e 
bibasic  acid  with  a  compound  radical. 

29].  C'H«,C«H«0»  +  2(H,S0«). 

This  compound  agrees  with  Gerhardt's  second  formula.  It  is  the  acid 
which  is  assumed  to  be  formed  by  the  action  of  anhydrous  sulphuric 
acid  upon  hydiated  succinic  acid ;  thus : 

H,C*H*On  =%  I  H,SO* 
S,SO'    J       I  H,SO» 

The  acid  29]  is  equivalent  to  two  atoms  of  the  add  28],  less  one  equi- 
valent of  HHO.  It  is  half  in  the  hydrated  condition,  and  half  in  the 
condition  of  anhydride. 

^  .  J  H  ,(?HW  +  ZH*,SO-) 

I  H,C«HW+  K.SO» 
J  \  K,(7BW+  K,SO» 
J  H,CWO»+  Pb,SO* 
\  Pb,(?HV  +  Pb.SO«r 

Tht'se  thr-'O  compounds  afford  exani]>los  of  tho  salts  thnt  arc  commonlv 
called  terbasic  bulpho-succinates.     There  are,  indeed,  tluee  mcLiiiic 
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radicals  In  each  of  these  examples,  but  there  is  also  in  each  one  atom  of 
basic  hydroigeny  which  makes  the  salts  tOrabam.  There  is  no  proof 
that  this  atom  of  hydrogen  fynns  a  conjugated  acid  with  the  sdphnr  and 
the  sacdnyl.  On  the  contrary,  the  salts  are  evidently  double  salts  of 
the  form  of  the  hydrated  acid  No.  28,  and  are  therefore  tetra-add  as  well 
aa  tetnirbesic,  or,  in  other  words,  are  quadraple  salts. 

33].  H,(?HW  +  K,SO«. 

This  salt  is  produced  hy  mixing  a  solution  of  No.  3  i  with  a  solution  ot" 
No.  28.  This  is  the  simplest  form  <vf  tiie  acid  salt  of  the  series.  It 
reseinbles  one-half  of  each  of  the  double  salts  Nos.  30,  31,  and  3a. 

34].  Pb,C«H«(/  +  Pb,SO«. 

Thia  is  the  form  of  the  mtOral  soft  of  the  series,  and  it  resembles  the 
second  half  of  each  salt  of  the  series  of  doable  s^dtB,  Nos.  30,  31,  32. 
That  18  to  say,  those  three  double  salts  rasnlt  irom  the  combination  in 
pairs  of  salts  of  the  fonns  shown  by  Nos.  33  and  34. 

When  the  salt  No.  34  is  dried,  it  loses  water,  and  fidls  mto  the  com- 
pouod  shown  by  the  following  formula: 

C«HPb,C«Hi'bO^  4-  2  (Pb,SO«),  FMnff, 

In  this  case  the  radical  succin\  1  C'H'  is  converted  into  the  metallic  vice- 
radical  J^lumbk>$uecinifl  C^HPb. 

35].  <^H«,C«HW  4-  2(Ca,S0«). 

This  coni])onn(l  ro|)ro.seuts  the  semi-anhydride  No.  29,  with  its  hsm'ic 
iivdrugPD  ivjiiac-  d  by  calcium.  The  formula  re[)rosr-iit.s  the  .salt  nftcr  it 
is  dritxl  at  21  2  ''  F.  Wlu  u  m  solution,  it  ha.s  au  and  reaction,  and  jiro- 
bablv  lias  tht  ii  tho  constitutiuu  represented  by  formula  33,  viz. : 
H,C*H*0*  4-  CaSO* ;  because 

JC?H*,C*fPO»4-2(Ca,SO»)l  _  JH,C^H\>*  +  CaSO«) 
l+H,  HO  f  "  tH,C*HK)«  +  CabO^f 

36].  C"HBa,CWCy  4-  2(Ba,S0"). 

This  salt  contains  barytic-succinyl  C*HBa.  The  idnnula  represents  the 
coni])osition  ol  the  salt  dried  at  212^  F.  Jf  dri<xl  less,  so  as  to  contain 
HllO  more,  its  composition  would  be  etjual  to  that  of  the  salt  32,  namely  : 

JH,^^!!^  4-  Ba,SO'  \ 
\Ba,C?HV  4-  Ba,SO*.f 

No.  36  is  the  only  salt  of  the  series  which  warrants  the  common 
assumption,  that  the  sulpho^cdnates  contain  three  atoms  of  H  in  tlie 
acid,  and  three  atoms  of  H  replaceable  b  y  basic  radicals.  It  is,  never- 
theless, an  exceptional,  and  not  a  normal,  form  of  the  sulpho«uccinates. 
There  is  a  remarkable  diversity  in  the  constitution  of  the  salts  of  tliis 
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acid,  arising  from  the  facilitj  witli  which  it  gives  off  successive  quantities 
of  HHO  during  the  process  of  dr}'ing ;  but,  notwitijstanding  this  di- 
vei*sitv,  we  j^ercfivc  nowhere  any  SATnptnms  of  the  existence  of  a  con- 
jugated acid  ra<lic:il  cornposi'd  of  succinvl  and  sulphur.  I  conclude, 
therefore,  that  the  sulpho-succinates  an*  doul)lo  Sidts  com]x>sed  of  sul- 
phates and  succinates,  combined  together,  either  in  their  normal  con- 
dition, or  in  various  states  of  dehydration, 

Thb  Adipateb.  Gbodp  B,  Kos.  37  to  40. 

Professor  MiUer's  formula  for  adipic  acid  is  2H0,C**H"0*.  Cor- 
recting the  atomic  wdghts  of  C  and  O,  and  dividing  the  whole  formula 
by  2,  we  produce  H,crHX)^,  which  agrees  wifdi  No.  37,  No  com- 
pound of  adipic  add  is  known,  which  warrants  the  doubling  of  the 
formula  to  make  the  monobasic  acid  appear  to  be  bibasic 

The  Subeeates,  Group  C.  Kos.  41  to  51. 

The  formula  commonly  given  to  suberic  acid  is  2H0,C'*H"0*,  which 
represents  it  to  be  bibasic.    Afler  correcting  the  weights  of  C  ar  i  (  \ 

and  reducing  tlie  formula  to  the  monobasic  form,  we  have  H,C*irO*, 
which  agrees  with  No.  41.  There  are  no  l)il)asic  siibemtes.  No.  45  is 
a  tetrab:isic  sa!t  of  similar  striir-tiin'  to  the  pyropho^sphates.  The 
aniidogen  salts  are  perfectly  regular,  and  prove  this  acid  to  be  mono- 
basic. No.  48  is  suberaniid,  evidently  derived,  in  the  usual  way,  from 
the  neutral  ammonium  salt  No.  42  by  the  abstraction  of  IIHO.  No. 
49  is  the  cones|>ondincr  anilule,  dillering  from  No.  48.  onlv  bv  the 
replacement  of  amidogeii  ZH',  by  phenykc  ZHjC^iP.  Gerhardt  s  names 
and  formula  for  tliis  salt  are  as  follow 

Diphenyl-subemmide,  or  |  C*H**X*0* 
'"'nSe,  ii.  7J4.  1  =  1™'(C"H»>(CHH>7 


Diazotuiv  of  dijilienyle 
and  of  suberyle. 

Traite,  iv.  778. 


(?»H*N»0« 
[  H« 

By  comparing  these  four  formuls  with  No.  49  (ZH,C"H*;  C*H*0),  the 
reader  will  perceive  how  much  he  gains  in  knowledge  and  convenience 
by  doubling  the  formula  to  make  the  acid  bibasic^  and  how  mudi  by 
throwing  it  into  the  form  of  the  ammonia  type. 

No.  30  is  one  of  the  so-called  anilidogen  addS|  Gerhardt's  name  and 
formula  for  which  are  as  follow : — 

Phenvl-suberamic  or        f  CH'^NO" 

subenmilic  acid,        i  =  KH(C»W)(C«H«0«)*Ol 
2VaiV,ii.  735.  I  HOf 
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Hero  \vc  liave  a  forniiiia  on  tlie  nuxlel  of  watiT,  accorduig  to  which  we 
are  required  to  beiievti  that  the  radicnl  nitrogen  =:  K,  liie  ra«lical 
hydrogen  =  H,  the  radiciU  iilienyl  -  C*H^  two  atoms  of  the  radical 
suberyl,  each  =  CH",  and  two  atoms  of  ox\gen  =  O*,  are  all  com- 
pressed into  a  single  conjugated  radical  wliicli  is  the  equivalent  of  one 
atom  of  hydrogen  H*.  Gracious  goodness,  how  these  organic 
chemists  speculate  upon  our  credulity  f 

Hofinann's  formula  for  No.  50  is  H,(?iPO*;  e*Bra,CTi«0», 

51,  This  is  the  silver  salt  or  the  **acid  "  Ko.  50. 

The  Ssbates,  Gboop  D.  Nos.  52  to  59. 

Tlie  common  formula  of  sebacic  acid  is  2lI0,(J*"H.'"0''.  After  cor- 
recting the  weights  of  C  and  O,  and  dividing  the  formula  by  2  to  bring 
it  down  to  the  monobasic  standard,  we  have  H,G*H"0\  which  agrees 
with  Na  52,  All  the  salts^  Kos.  ^3  to  59,  agree  with  the  assumption 
that  sebacic  add  is  monobasic  In  Nos.  52  to  56,  the  quantity  of 
oxygen  is  0^.  Li  the  rest,  it  differs.  Ko«  57  is  sebamide,  and  has, 
therefore,  only  one  atom  of  oxygen.  No.  58  is  sebamic  add,  already 
qaoted  at  page  227.  It  possesses  C  No.  59  is  the  compound  of 
glycerine  and  sebacic  add,  which  Berthelot  calls  seftoctne.  I  haw- 
quoted  it  at  No.  XI,  pase  In  that  case,  I  have  represented  glycyl, 
and  in  this  case  sebamyl,  as  me  acid  radical.  That  is  of  little  moment, 
as  these  radicals  are  nearly  equivalent  to  each  other.  The  salt  No.  59 
contains  4  atoms  of  oxygon,  namely  O*,  bocanse  the  normal  glycylatt  <; 
(allylates?)  and  the  normal  sdiates  Ixjth  re(|nirG  that  quantity  of 
uxvo^n;  0'  extra  beaiuse  the  salt  contains  an  acid  radical  acting  as  a 
biLsic  radical ;  and  an  additional  O'  because  tlio  salt  is  terbasic.  Conse- 
quently the  O"*  are  essential.  Professor  Miller  gives  for  this  salt, 
Berthelots  unitary  formula  of  C**H'^0'",  which  atlbrds  a  good  example 
of  the  utter  worthlessness  ol"  unitary  fonnulae  in  organic  chemistry. 
These  gentlemen  have  the  help  of  the  theory,  that  sebacic  acid  is 
bibasic.  They  have  the  help  of  the  theory,  that  glycerine  is  tpratomic, 
and  therefore  requires  three  acids,  or  three  atoms  of  add,  to  neutralise 
it.  Yet,  with  these  helps,  they  cannot  get  beyond  a  unitary  formula  to 
describe  the  oonstitation  of  the  sebate  of  glycerine,  and  in  that  unitary 
formula  they  represent  as  many  ultimate  atoms  as  would  make  nearly 
three  atoms  of  sebacine  instead  of  one.  Even  after  correcting  the 
atomic  weights  of  C  and  O,  the  quantities  of  ever\*  element  are  double 
what  they  ought  to  be.  In  that  way  only  is  it,  that  the  sebates  can  be 
made  to  appear  to  be  bibasic 

The  PyROTARTRATEs.   Group  E,   Nos.  60  to  79. 

I  consider  a  p\  rotartrate  to  contain  an  adipate  in  combination  with  a 
sucdnate.   Thus ; — 

2g2 
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No.  i=H,(?H^)«l  ,  jH,C*HV 

No.  37  «  H,C»HVf  "  ^°tH,C»HK>» 

Tlic  i>\  rotartmtcs  :m'  tnilv  I'iliasic,  but  thev  are  also  biacid.  Th-'V  t-on- 
tuiu  iwo  l)asic  i.hlieals;  thev  also  contain  two  acid  radicals:  imd  ibfse 
two  acid  radiral.->  are  succinyl  C'H*  and  adi])yl  C"*1I*.  'I'li^^re  is  do 
evidenoi'  to  prove  that  those  salts  arc  l)il)asic  with  a  single  acid  radical. 
Ali  the  facts  show,  that  two  acid  radiails  arc  jucstiiit  in  each  salt.  The 
azotic  compounds,  Nos.  74  to  79,  are  intelligible  onlj  on  that  supposi- 
tion. I  consider  it  needless  to  examine  the  salts  individoaDy*  A 
glance  at  tlie  list  of  examples  instantly  supplies  abundant  erideiice  of 
the  justness  of  these  assumptions.  Every  salt  Gontains  two  atoms  of 
basic  hydrogen,  which  may  be  replaised  together  or  sepantely.  If  both 
are  replaced,  we  have  a  neutral  salty  Nos.  62,  64,  66,  69,  70.  If  ody 
one  is  replaced,  we  have  an  acid  salt,  Nob.  63  and  65. 

In  No.  61  we  have  the  pyrotartaric  anhydride.  KepreaentBd  as  coo* 
sisting  of  two  radicals  (?H*  +  C*H*  +  0^,  this  salt  Is  intelligible,  and 
the  formda  agrees  with  that  of  all  tlio  other  anhydrides ;  but  if  wi' 
represent  it  as  containing  only  one  radical  C^H*  4-  O",  it  disagrees  \nth 
every  anhydride  that  has  been  spoken  of  in  the  preceding  pages,  and  we 
have,  without  necessity,  and  to  accomplish  no  good  end*  to  inaugurate 
a  new  class  of  anhydrous  acids.  That  is  a  course  of  proceeding  which 
the  law  of  simplicity  forbids.  We  do  not  require  another  class  of 
anliydrides;  we  can  do  very  well  with  one  class;  and  the  evidence 
is  not  in  favour  of,  but  strongly  against,  the  existence  of  the  supposed 
nidi*  il  C*H*.    I  tlicrcforo  adhere  to  formula  61. 

Teuijasio  Pyrotaktuate«!. — In  Nos.  67,  68,  71,  72,  and  73,  we 
have  exam])los  of  t«^rhasic  salt*;.  The  usual  fornuila-  oi  theR»  salts  are 
very  com|>licat»Hl,  hut,  for  l)rcvity  sake,  I  forbear  to  cjuotc  them  :  jiarti- 
cularly  as  a  discussion  upon  tlKin  would  not  illustrate  tln^  ])articn!ar 
p  >iut  w^hich  is  now  luider  consideration,  which  is,  the  biacid  naiurv  of 
tile  |>vrurartuic  acid.  In  each  uf  thesi'  terl>asic  salts,  tlierc  is  an 
addition  of  oxygen  corresponding  to  the  additional  quantity  of  basic 
radicals. 

PvRorARTKATES  wmi  Amidogkx  Basrs. — The  salts,  Nos.  74  u  >  99. 
prove  decidedly,  that  pyrotartaric  aciil  contiiins  two  acid  radicals. 
that  supposition,  these  six  salts  are  quite  regular.  Upon  the  suppo- 
sition that  only  one  acid  radical  is  present,  the  formula;  of  these  salts 
present  clumsy  improbabilities.  In  this  case  I  must  go  a  little  into 
detail. 

74].  ZH,C»H* ;  CWO". 

Gt  ihjudt's  nnme  and  formula  for  this  salt  are  as  follow:  Pvrotartrimidt, 

m 

or  azutun;  ul  pyrotartryl  and  of  hydrogen 
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Of  course,  Gerhardt  considers  C*H*0*  to  be  the  equivaJent  of  H*,  and 
so  it  is;  not,  however,  because  H*  is  wcesmity  to  complete  an  am- 
monlii,  but  because  (TH*  is  equal  to  H\  and  CH'  is  equal  to  another 
H^  The  amidogen  salt,  Na74,  is  derived  from  the  unknown  nonnal 
ammonium  salt  ZH*,(7H«;  CmH^.  There  is  0*  In  this  normal  salt, 
because  the  basic  nidical  contains  sn  add  radical ;  otherwise  the  salt 
prodaced  by  the  add  radical  CH*  would  require  onlf  0^.  Hence  the 
amidogen  salt  No.  74  contains  O*,  and  tl  -  ]ivrutirtaric  radiral  is 
evidently  separable  into  the  add  radical  CH*  and  the  radical  C*H\ 
which  &iniis  part  erf  the  vice-am idogen.  If  we  dian  gard  thf>  nmmonia 
type,  and  write  the  salt  with  Gerhardt's  rndicuils,  tims :  ZH  ;  C^H^O*, 
we  have  a  salt  with  an  imidogen  base,  the  existence  of  which  ai)pears  to 
mf>  to  bo  impossiblo,  fir  ro;Kons  which  I  have  assigned  in  the  article  on 
the  imidogeus,  commencing  at  })age  222. 

75].  Z,C»H*,(?H»;  <?HW. 

Gerhard t's  ])henyl-pyroLarUimide,  or  pyroLartrauile  =  C'llVCIIM 
NO*  *=  C"H"NO*. 

76].  Z,C*H*OT*Z;  CWO». 

Gerhard  t's  nitrophenyl-pyrotartrimidfi,  or  pyrotartronitranile  =»  C'**H* 

77].  ZH.<?H»;  (TWO  +  H;  C«HW 

Gerhardt  3  phenyl-pvrotartramic  acid,  or  pyrotartratiilic  acid  =  C'^'H" 

783.  This  is  merely  the  lead-salt  of  the   add,"  No.  77. 

79].  ZH.C'H^Z ;  C^il*0^  +  H ;  C'H*0^ 
Gerhardt's  nitroplifnvl-pvrntartramic  acid,  or  pyrolarUnonitranilic  add 

Wliat  do  Gtrhardt's  formula  teach  us  in  regard  to  the  proximate 
constitution  of  these  amidogen  salts?  Al)s<>lutc'ly  nothing.  On  the 
other  hand,  the  analysis  of  these  salts  on  thr  iM'ticiplrs  which  l«id 
to  the  fomiulu^  Nos.  74  to  79  atlbrd  strong  prool  ot  two  fat  ;  ist,  that 
these  salts  contain  arnidogcns ;  ;?n(llv,  that  pvrotartiric  acid  contains 
two  acid  radicals,  one  of  which  lonns  part  ot"  tli.-  aniidog«-n  contained 
in  each  salt.  It  is  important  to  notice  the  dh  cts  that  would  l»e  pro- 
duced by  the  conversion  of  these  amidogen  salts  into  normal  ammonium 
salts: — 


74 
75 


H    ;  Ca*0*/ 
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Tho  compounds  marked  74,  75,  dud  76,  me  all  ^uccinatL-s.  But 
normal  succinates  poss^  ouly  O*.  In  74  and  7?  we  find  O*  extra, 
because  of  the  prcsenoe  of  the  add  radical  adipyl  in  the  oonditioD  of 
a  basic  radical.   In  75  to  78  we  have  phenyl  in  the  basic  radical,  bnt 

gheiiN  1  does  not  cany  extra  into  its  salts,  like  add  radicals  proper, 
a  76,  we  have  O',  namely  0^  for  the  normal  sncdnate,  0^  for  the 
adipylt  and  for  the  nitrogen  snbstituted  for  hydrogen.  In  77  we 
have  an  acid  pyiotartrate  precisely  dmilar  to  No.  63,  and  containing  the 
normal  quantity  of  oxygen.  In  the  parallel  salt,  78,  we  have  0*  extra 
on  account  of  the  subi^tituted  nitrogen.  Thus  we  can  account  for  every 
atom,  and  we  find  that  each  has  its  daty  to  do,  and  does  it. 

The  PiMKLATES.   Group  F,    Nos.  80  and  81. 

The  Pimelates  arc  composed  of  snberatea  and  adipates,  combined 
atom  to  atom.  No.  80  sliows  the  composition  of  hydnted  pimelic 
acid,  and  No.  81,  that  of  its  neutral  salts. 

The  Axchoates.   Group  G.   Nos.  82  to  85. 

The  Anchoates  have  been  recently  discovrnd  by  Mr.  G.  B.  Buckton 
(^Quarterly  Journal  C/umioal  Sodtjff  x.  166)  among  the  pioductR 
obtained  by  treating  Chinesr  wax  with  nitric  acid. 

According  to  Professor  Brodie,  Chinese  wax  contains  two  of  the 
superior  members  of  the  vinyl  series  of  radicals;  its  composition  being 

C?TI*  crow  «  Ceiyla  cerotylete. 

Wilt  II  this  Bait  is  heate<l  with  stroncr  nitric  acid,  it  splits  up  into  a 
variety  ol  salu,  wliich  coi,t.i:ti  radicals  hotli  of  thp  vinyl  serif'S  and 
of  the  succinic  series.  Siinx-  the  radicals  uf  tlie  vinyl  serii  s  are  von- 
vertible  into  radicals  of  tlie  succinic  series  by  oxidation  and  lo^s  uf 
hydrogen,  while  the  radicals  of  the  succinic  series  are  convertible  into 
those  of  the  vinyl  series  by  loss  caibonic  acid, — see  page  442,— it  h 
of  course  to  be  expected  that,  when  any  sslt  which  contains  a  complex 
member  of  the  vinyl  series  is  heated  with  nitric  add,  varions  membera 
of  both  aeries  of  radicals,  all  less  complex  In  stroctnre  than  the  radical 
that  is  operated  upon,  will  appear  amongst  the  products  of  the  decom- 
position. 

Accordingly,  Mr.  Buckton  ibnnd  all  the  following  compounds  in  the 
liquor  produced  by  the  operation  above  described : — 

Belonging  to  the  Succinic  Group,     Belonging  to  the  ViuyJ  Gtvup, 

A  n  c  1 1  ( )  i  ( •  a  i  (1.  (Euan th}'  1  i  c  acid. 

»*^ti1>«'ric  acid.  But^TlC  acid. 

I'lmelic  acid.  Caprylic  acid. 

The  formukB  given  by  Mr.  Buckton  to  the  anchoates  are  as  follow 
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(titHiflQB  Anclioic  acid. 

C'\H'*Ag«)0"  =  Anchoate  of  silver. 

He  oODSiders  the  anchoic  acid  to  be  a  new  and  peculiar  bibasic  acid ; 
but  the  only  evidcnct'  produced  in  support  of  the  btbasic  character  is 
the  acid  potash  salt,  No,  85  ;  which,  to  my  mind,  is  110  evidence  at  all, 
since  this  compound  may  be  explained  as  a  double  salt  composed  of 
neutral  sebatc  of  potash  and  hydrated  suberic  acid.  When  the  nnii- 
dogen  salts  of  this  "acid"  come  to  be  examined,  tbey  will  no  doubt  be 
found  to  be  aualogpus  in  constitution  to  those  of  the  pyrotartaric  acid. 


In  conclusion,  I  assume  it  to  be  proved,  that  all  the  salts  of  the  suc- 
cinic gruu^),  like  those  of  the  ma]lc  and  citric  groups,  can  be  described 
with  precision  as  Hokobasic  Salts;  and  that  theie  is  no  evidence  to 
Jostify  the  assumption  that  thej  are  Bibasic.  In  the  absence  of  proof 
of  the  existence  of  bibasic  characten,  the  bw  of  nmplidty  demands  our 
stedfast  adherence  to  the  Monobasic  Theory. 


The  Salicylic  Group. 

The  Salicylates  appear  to  me  to  be  formed  on  the  model  of  the  Car- 
bonates, and  tliey  are  consec^uently  BiBASio  in  the  same  definite  sense 
that  the  carbonates  are  bibasic.   Thus : 

MO  +  MO  +  C  O  -  M,M;  C  0^  »  Garbonate. 
MO  4-  MO  +  (m*0  =  M,M;  OH^  =  Sdicylate. 

There  is  no  ktiown  salt  which  he  ars  to  the  salicylates  the  relation  that 
the  oxiilates  bear  to  the  ciirbonates,  namely,  a  salt  of  tlie  formula 
MO  -f  C"H*0  =  M,C'HH3*.  The  salts  that  are  now  called  salicvlites 
have  the  formula  M,(7H*0*,  which  resembles  that  of  the  benzoates. 
They  tote  monobasic,  and  the  radical  C^H*  does  not  bekmg  to  the  sali- 
cylic group.  I  propose  to  call  that  fadical  spiryl.  Then,  salicylous 
add,  or  the  hydride  of  salicyl,  the  essential  oil  prepared  from  the  flowers 
of  tiie  meadow-sweet  (SpiroM  u^tnorta),  will  be  HfCTHH)*  «  Hydra 
spuylete. 

It  is  possible  that  salicyl  «  C>H*,  mi^  be  hereafWr  discovered  to  be 
a  double  radioil ;  but  I  have  at  present  no  evidence  of  such  a  discovery, 
and  therefore  I  admit  it  to  be  a  single  radical,  having  the  power  to  pro* 
dnce  salts  with  two  basic  radicals,  in  the  manner  of  the  carbonates. 
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Examples  of  Salts  thai  contain  Sallcyl. 
A.  KoBMAL  Salicylates. 

Hydra  hydra  salicylite. 
Hydra  hydra  salicylite  cum 

Salicylete. 

Baryta  baiTta  salicylite. 
Plmuba  plumba  BaUcyUte. 
Copric  cupric  salicylite. 

Hydra  baryta  salicylite. 
Hydm  plumba  salicylite. 
Hydra  copric  salicylite. 
Hydra  ammona  sal ic}' lite* 
Hvdra  amida  salicvlitc. 
Potassa  ciipric  salicylite. 
Baryta  cupric  salicylite. 
Hydra  mi-thyla  salii  ylite. 
I3ar\'bi  mcthvla  salicviite. 
Arrrenta  inellivla  salicviite. 
Potiissa  methvla  salicviite. 
Methyla  metbyla  biilicylite, 
Ethyk  mctliyia  salicylite. 
Atnyla  tnetbyla  flalicylite. 
Hydra  ethyla  salicylite. 
Ethyla  ethyla  salicylite. 
Hydm  amyla  salicylite. 

B.  SAUCYLATfiS  IN  WHICH  AciD' KaDICALS  ACT  AS  BASIC. 


I. 

il 

;  H 
•  H 

jC'H'O*! 

3- 

I 

+ 

Ba 

J  Ba  ;  CH^y  . 

5- 

Pb 

;Pb  ; 

6. 

Cue 

;  Cue  ; 

7- 

H 

;  Ba  ; 

8. 

H 

;Pb 

;  UlKr  , 

9- 

H 

;  Cue  ; 

lO. 

H 

;  ™  , 

II. 

H 

;  ^H*  ; 

C^H*0»  . 

12. 

K 

;  Cue  , 

Ba 

;  Cue  ; 

14. 

H 

;CH»; 

CH*0»  . 

Ba 

;  CH»; 

O'H^  . 

Jl: 

Ag 

;  ciP, 

C^H*0»  . 

*  /• 

K 

;  CH* 

18. 

CH» 

;  CH'; 

C'li^i*  . 

IQ. 

C«H» 

:CH^ 

;  cmy  . 

20.  C?*H"  ;  C  H* 

;aHK)»  . 

21. 

H 

;<?H*; 

(THXy  . 

22.  CfH* 

«3- 

H 

;C*H» 

24.  H  ;  C*H» ;  <7HX>» 
2J.  CH»  jC«H»;  (7H*0» 

26.  CH«;C"H«;<7H*0» 

27.  H      ;  CH*  ;  C'H^O* 

28.  C  H"  ;  C  H»  ;  aiVO* 

29.  C«H>  ;     H'  ;  C'H*0* 

en":  c^ip  ;  cn^ny 


3<> 
3« 


Hydra  loetyla  saliorlote. 
Methyla  cumyla  saucylote. 
Methyla  soocinyla  sa&cylote. 

Hydm  benzyla  salicylote. 
Methyla  benzyla  salicylote. 
Ethyla  Ixjnzyla  salicylote. 
Amyla  benzyla  salicylote. 
Hydra  beoxyiac  saiicylite. 


C.  HiPPUILV TliS. 

32.  H     ;  ZH,C^=';  C^H^CP  .    Hvdra  glycolac  salicviite. 

33.  Ag   ;  ZH,r«H»;  r7H*0»  .    Aigenta  glvcolac  salirvlite. 

34.  ZH*  ;  ZH,C*H^ ;  C'HH/  .    Ammona  glycolac  sahcylite. 
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(ZH*  ;  ZH,C'«H*;  (7H*0"l  Ammona  glycolar  salicvlitp 
H   ;ZH,(n¥;Cm*(yr  cunilivclra'L^MvmlacsiilicvUte. 

36.  en*;  ZH,CW;  C^H^O*  .  Ethvla  glvcolac  siilicvlite; 

37.  H     ;  ZH,C"H*  ;  CTPZO*  Hvdraglvcolarzotic-salicvlutfi. 
3  b.  Ag  ;  ZH,C*H";  (7H"Z0»  Argenta  glycolac  zotic-salicy- 

lute. 

D.  BS!r2X>-GLT00LLATBB. 

39.  H  ;CT1*;(7H^.   .   •   Hydia  glycola  sdicylote. 

40.  Ag;  C*H';  CPH^.   .   •   Argenta  gly cola  salicylole^ 

41.  Ba  ;  GW;  OHK)*.   •   .   Baryta  glycola  aalicylote. 

£.  BENZO-LACTATBi. 

43.  H  ;  CnP;  OEK^ .   .   .   Hydia  lactyla  aalicylote. 

43.  Ag;  C^*;  (TH^O* .   .   •   Hydm  kctyla  aalicylote. 

F«  Handelates,  or  Fobmo-Benzotlates. 

44.  H  ;  CIP ;  (TH'O^.   .    .   Hydra  methyla  aalicylite. 

45.  Ba  ;  GH*;  .    .   Baryta  methyla  aalicylite. 

46.  Ag;  CH*;  (7H^«   .   •   Aigeuta  methyla  aalicylite. 

G.  Sauctlatbb,  ooRTAiNnro  Bbomio  and  Chlobjo-Sauctl. 

47.  H ;  H    ;  OWO  0*  .   .   Hydren  chloric-aalicylite. 

48.  H ;  H     ;  C7H»Br  O"  .    .    Hydren  bromio^icylite. 

49.  H;II     ;  C^H'BiW   .    .    Hvdren  hromenic-salicvlite. 

50.  H;H    ■;  C^H  IVO"   .    .    Hydren  brominic-salicvlitp. 

51.  H;  CH*;  (7U'a       .   .   Hydra  methyla  ch]ori<;-8aU. 

cylite. 

52.  H;  C"H*;  (7H«BrH>»  .   .   Hydra  ethyla  bpomenio-aali- 

cylite. 

H.  Saliotlates,  ooirrAiNivo  Azotio-Saliotl. 

53.  H  ;  H     ;C7H^Z(  )*    .  .  Hydren  zotic-salicyluto. 

54.  H  ;  H     ;  CH*Z\>'    .  .  Hydren  zotenic-salic  vlcze. 

55.  H;H     ;C7HZ»0»   .  .  Hydren  zoUnic-salicyloze. 

56.  H  ;  ZH*;  CTPZO*  .  .  Hydra  ammona  zotio-salicylute. 

57.  H  ;  Z  H^  CWZ  0*  .  .  Hydro  amida  aotioHnlicylote. 

58.  H  ;  Pb  ;  C7H*Z  0*  .  •  Hydra  plmnba  aotic^alicyhite. 

59.  Pb;Pb  ;<7H'Z0*  •  .  Plombaplmnbaaotic^licyliite. 
^  (H  ;Pb  ;C7H*Z0*)  Hydra  plnmbine  bis  2otio«ali- 
^^•tPb;Pb  ;(7H'Z0»f'  *  cylute. 

61.  H  ;  (?H»;C7H»Z0»  .    .    Hydra  ethyla  zotioaaKcylute. 
6a.  H  ;Ba  ;  CH'ZHy  .    .    Hydra  baryta  zotenlc-salicyleze. 
63.  Ba  ;  Ba  ;  (7H*ZH/  •   •   Baryta  baiytaaotenic^alicykfle. 
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64.  H  ;  CH' ;  C'irZ*0^   .    .    Hydra  niethyla  zoUiuic-salicy- 

leze. 

65.  ZH';  CIP;  (7H*ZV  .   .    Aininooa  methyla  aotenic* 

salicylezew 

66*  H  ;  GH*;  (fKTSf  .    .   Hydra  metbyla  xottnio-fiali- 

cyk»e. 


Investigation  of  the  Salts  of  SalicjL 

Group  A.   Normal  Salicylates. 

ij.  li;  H;  CRXf,    2}.^'^'  ^^i^j.    3].  C^U*0'. 

Now  I  is  the  hydrated  aalicylic  add.  No.  2  the  anhydrous  salicylic  add, 
and  No.  3  is  ralicylid.  The  two  latter  are  produced  by  acting  od  sali- 
cylate of  aoda  by  oxychloride  of  pIio.s|i}ioraB.   Thus : 

H;  Na;  C^H^O*)  |NaPO» 

11  ;  xNa ;  C7H^( )'  I  J  NaCl  +  NiiCl  4-  HCl 

H ;  Na ;  C' H*0*(  ^  ]  H  ;  II ;  C  H^CP  +           =  No.  2. 

+    Cl»PO     J  ((7H*0«                       =  No.  3. 

The  term  **  anhydrous "  acid  was  given  to  No.  2  by  Gerhardt,  on  the 
presumption  tliat  tlie  radical  salicyl  was  CTP,  a  constitution  which  is 
incompatible  with  the  fact  tliat  tlie  salicylates  aro  V)ibasic.  No.  3  is  the 
true  anhydrous  salicylic  acid,  just  as  CO*  is  tlie  ai  ljvdnMLs  carlx)nic  acid. 

Nos.  4I  to  23],  with  the  exception  of  No.  11],  jirt-sent  exampK  s  of 
normal  sali<  vlates,  neutral  and  acid,  the  whole  of  which  are  so  iK^ilar 
that  they  .scarce!}'  demand  explanation.  A  ver>'  few  Wuids  w  ill  suthce. 
No.  II  is  the  salicylaiuid  derived  from  the  ammonium  suit  No.  10. 
No  14  is  the  oil  of  winter-green,  gaultheric  acid,  hydrate  of  fnethyl- 
salicyle,  salicylate  of  methyl,  methyl-salicylic  acid,  or  methyl-fipiroylic 
add,  fiir  it  has  all  tiiese  names,  and  more.  Nos.  i  j  to  ao  aie  salts  of 
the  naethylsalicylic  add.  No.  21  is  ethylsaUcylic  add,  and  No«  23  b 
amylsalicylic  add.  There  is,  of  course,  not  the  least  neoesdly  to  treal 
these  salts  as  conjugated  adds*  An  inspection  of  the  Table  snows  that 
they  are  all  regular  bibasic  salicylates,  and  that  the  salts  from  No.  4  to 
13  have  the  same  right  to  be  elevated  to  the  rank  of  conjugated  adds  as 
the  salts  from  Nos.  14  to  23. 

Group  B.   Saugylatss  which  contain  Acid  IUdicals  ix  their 

Bases. 

Tho  salts  from  No.  24  to  30,  all  contain  an  acid  radical  acting  as  one 
of  their  Uuic  radicals,  and  consequently  every  one  of  them  possesses  an 
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additional  atom  of  oxygtju,  in  accordancu  with  the  ol)servation  which  I 
have  recorded  at  page  376.  In  other  resjiects,  these  salts  resemble 
ttonnal  salicylates,  hi  l!io.  31,  the  amidogen  salt  is  deficient  of  0\  be- 
canse  it  is  an  amidogen  salt  lif  it  were  completed  to  an  ammonium  salt, 
the  0^  would  have  O*  like  the  other  salts  in  Group  B.  Gerhardt's 
names  £>r  this  group  of  salts  are  as  follows:  24,  Anhydrous  aoeto* 
salicylic  acid,  acetate  of  salicyU  or  salii^late  of  acetyl.  25,  Cnminate  of 
methylo^alicylf  or  oxide  of  cumyl  and  methylo-salicyl ;  formula 

cm*(ar)0«)^ 

C'«H"0  f 

26,  Saccinate  of  methylo-salicyl,  or  oxide  of  succioyl  and  methylo- 
salicyl 

C7H*(CH»)CA  ^ 

=  C^H*(€H»)07 
C*H*0",0 

In  this  formula  everything  is  doubled,  in  order  to  make  snccinyl  appear 

to  be  a  biljasic  mdical. 

27,  Anhydrous  benzosalicylic  acid,  benzoate  of  palicyl,  or  salicylate  of 
benzoile.  28,  Benzoate  of  methylo-salicyl,  or  oxidn  of  beiizovl  and 
raethylo-sidicyl.  29,  Iknzoate  of  ethylo-salicyl,  or  oxide  of  benzoyl  and 
ethylo-fealicyl.    30,  IViizuute  of  amylo-salicyl.    3 1 ,  Benzoylsalicylamid. 

Gerhardt's  fornuilai  show  that  he  cnrisid'  rfHl  tho  salicyl  radical  to  1 0 
CH*,  and  tiiat  lie  assumed  that  it  had  the  ixjwer  ut  exchanging  H'  tor  a 
complete  hydrooirhon.  It  a})jM  ar.s  to  me,  that  that  assmnption  is  i;iro- 
neuua  and  hiiZiudous.  The  hydrogen  in  amidogens  and  iamnnniunis  can 
be  exchanged  for  complete  radicals,  but  I  do  not  believe  that,  in  any 
case,  the  hydrogen  of  a  hydrocarbon  can  be  replaced  by  another  complete 
hydrocarbon.  If  such  substitutions  could  occur,  the  individualily  of  all 
compound  radicals,  and  consequently  the  power  to  identify  them,  would 
speedUy  be  lost  In  Gerhardt's  formulae  for  No.  26,  we  perceive  that 
he  places  oxygen  In  five  different  situations,  a  pretty  wide  scattering  of 
one  element  in  one  salt,  to  be  advocated  by  the  great  champion  of 
unitary  fonnulae. 

Thb  Conjugated  Benzoates.   Gkoufs  C  to  F. 

The  salts  constituting  Groups  0  to  F,  Nos.  32  to  46,  aro  usually  re- 
presented as  salts  of  conjugated  adds,  containing  benzyl  as  one  of  their 
negative  elements.  I  refer  them  in  preference  to  the  salicylic  group,  for 
the  following  reasons : — 

1.  They  are  not  conjugated  salts,  but  merely  bibasic  salts,  and  their 
quantum  of  hydrogen  agrees  with  that  of  salicyl  and  not  with  that  of 
beoxyl 

2.  The  quantity  of  oxygen  contained  in  each  salt  agrees  with  that 
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which  18  necessary  to  constitute  a  salicjlate^  and  not  with  that  which  ia 
required  to  complete  a  beuzoate. 

3.  In  flo  iar  as  regaida  the  properties  of  the  salts,  and  Ihe  prodncts  ol 
their  decomposition,  they  may  be  as  properly  referred  to  the  saliqrlic  aa 
to  the  benzoic  group. 

A  glance  over  tiie  relationship  of  the  radicals  which  are  depicted  in 
the  Tables,  will  satiaiFfr  the  reader  that  these  reasons  are  forcible. 

Usual  N<mm  of  ths  Salts. 

C.  H1PPITRATBS.  32,  Hipporic  add.  3),  Hippnrate  of  silver,  34, 
Hippurate  of  ammonia.  35,  Acid  hippnrate  of  ammonia.  36,  Hippudc 
eth<  r.    37,  Nitrohippuric  acid.    38,  Ihe  silver  salt  of  the  acid  3*1. 

I  refrain  firom  quoting  the  common  formulas  l^amse  I  have  so  ne- 
quently  discussed  the  merits  and  demerits  of  all  kinds  of  formul«e«  that 
farther  repetitions  are  needless,  miless  peculiar  points  require  elucidation. 

D.  Benzoglycollates.  39,  the  benzoglycoUic  acids.  40,  its  silver 
salt.    41,  its  barium  salt 

E.  Benzolactates.    42,  tho  ])enz()lactic  ;\cid.    43,  its  silver  salt 

F.  Mandelatfs.  44,  tho  nifindelic  acid.  45,  its  barium  salt  46, 
its  silver  salt  Thi-  raandelates,  44,  45,  46,  are  i^^riieric  with  the  gaiil- 
theriates,  14,  15,  16 — just  as  the  hydiide  of  salicyl  is  isomeric  with 
benzoic  acid,  both  =  H,C^H*0'.  1  do  not  know  whether  they  are 
identic  as  well  as  isomeiic. 

I  might  fill  a  long  chapter  with  an  inquiry  into  the  merits  of  the  dif- 
ferent dieories  that  have  been  att|Bs;eBted  to  explain  the  constitntion  of 
these  four  classes  of  salts.  Bnt  if  the  reader  will  kindly  look  into  the 
systematic  works  of  Gerhardt,  Gmelin,  and  compare  the  vaiioos 
hypotheses  he  finds  there  with  that  which  is  now  presented  to  hhn,  be 
will  have  no  difficulty  in  detennining  on  which  side  there  is  simplidly 
and  probabilily  of  truth. 

Gi-OUp  G.  CONJOQATED  SALICYLATES,  CONTAINING  BrOMIC  AND 

Chloric-Salicyl. 

There  is  nothing  in  these  salts  that  requires  particular  explanation. 

Tho  quantity  of  oxygen  is  the  same  as  that  which  i*5  required  to  com- 
plete normal  Siilicjlatcs,  because  the  bromic  and  chloric  vice-radicals  take 
the  same  quantity  of  oxygen  to  form  salts  as  do  the  correspoDdiog 
normal  radicals. 

Qrmp  H.  Conjugated  Saucylates,  containing  Azotic-Salictl. 

These  salte  differ  from  normal  salicylates  only  by  containing  zotir- 
salicyl  instead  of  normal  siilicvl,  and  an  increase  in  the  quantity  c)f  oxvgen 
in  each  salt,  at  the  rate  of  0*  for  every  Z'  which  goes  into  the  acid 
radical. 
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The  Tartrates. 


The  atomic  weights  represented  by  tb«  symbols  given  in  the  follow- 
iog  Table  are  stated  at  page  28. 


Group  A.    Tartaric  Acu). 

I.  H,(;'H^(-P 


Group       Normal,  Neotral,  or  Monobasic  Tartratfx. 


4.  K  ,(?HW 

5.  Na  ,C5"HW 

6.  ZH*,eH«0- 

7.  Cta  ,(?H»0» 


8.  Ag,CT[K)' 

9.  Pb  .CRKf 

10.  Cuc,C«H«0» 

11,  Sn  ,(?HW 


12.  Frc  ^CWy 

13.  ZHHgc^C'^I«fV» 

14.  CH" 

15.  eH*  ,C*HHJ» 


x6.  Sbc*,CTPO* 
17.  U6*  ,<?H'0* 

GBO0P  D. 

CrBOUP  £• 


Group  C.  Terbasxc  Tartrates. 

I  18.  IPBicCiro* 
1      19.  H«Na,C*H«(y 

Acm  Tartrates. 
1     ai.  ZH*  CHV  +  H,C*HKy» 

Amipoqen  Salts. 

.    Amida  tartrvlete. 


22.  ZH',CMW  .... 

Group  F.  Double  Tartrates. 


25.  K,(7H*0^  +  N:i  ,eH«0' 

26.  K,C«HK)»H-ZII\C'H«Cy 

27.  K,C*H«0»  +  <>^iic,C«HW 


28.  Na,C«H«0' -h  Ba  ,(?HK)^ 

29.  Na.C«HK)*  4- ZH*,C»H«0" 

30.  Na,C«HK)»  +  Mg  ,C-IPO» 


Group  G.  Gokjuoated  Tartrates. 


31.  cH^e•H*(y  +  n.eH'u^ 

34.  CH%C?H«0^  4- li.C'H*0» 


2  5.  C«H*  ,C'li*0'  4-  Ba  ,CWO^ 
^6.  CH*  ,C«H'0"  4-  Ag,CWO» 
27.  C*H",C«H'(/4-H  ,CWy 
38.  C*H^>,C«H'0'  4-  Ag,C«irO» 
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Group  H.    Tetbabasic  Takiuates. 


39.  Na  ,(:«H«o»  -f  H»  smny 

40.  H   ,eH«0«  -f  Sbc^("'H^O* 

41.  N;i  ^eH^^  V^-i-ShrVC^H^O* 

42.  ZH\CHV^ ^sbc:\amy 

43.  K   ,CTP(  >^ -4- S]x^C*H*0* 

44.  Bd  ,C*HH>  +  Sl)c\C*H*(>* 

45.  Ag  ,eH\/  -i-  S!  r  ^eH*u* 
45.  PI)  ,C*H*0«  4-  ^^bc:^C^H•0* 
47.  ZH%eHV+Asc-,C*H*0* 


48.  K    ,rH»(T+  F.:c*.C»HM* 

49.  ZH%C'H*0*4-  Fc^CH'O* 

50.  H   ,C*H'0»  -I-  HFec«,<_m*f >* 

51.  H   ,C*Hvf-f-  (>^(:^H'HV 

52.  K    ,i*«H'(    -f-  Cre,C^IIHr 

53.  N«  ,C«HV-f-  Cuc».C=m>* 

54.  K    ,C*HW-f  B*,C*H'0* 

55.  H   ,C«H'H>'-h  U\CH«C)* 

56.  K   ,C*H*0*-f  U'.CH'U* 


Group  1.   Double  TARXftAXES,  co^ixaikimq  Vigb-Ta&xrxus. 

57.  H  ,C*HSbcO»  +  She  ,CHSbcO* 

58.  K  ,C"HSbcO»4-Sbc,C*HSbcO» 

59.  Ba  ,C«HSbcO»  +  Sbc  ,C*HSbcO^ 

60.  Ag,C«HSbcO»  +  Sbc  ,CHSbcO^ 

61.  Pb,C"HSbcO^  +  Sbc  ,CTISbcO^ 

62.  K  ,<?HBicO»  +  Bic  ,C«HBic<y 
65.  K  ,CT1B  0»+B    ,C«B  0» 


Group  K.  Complex  Tartrates. 


64.  { 
65.] 


66  J 


H»,C«H* 

K  ,C"H« 
H  ,C*H* 

or  elst? — 


0*4- 

O*  + 
( )^  -I- 

0^4- 


Sbr».C*H« 

.^bc^C«H* 

8br  ,c*n' 


67. 

68. 1 

69. 
70. 

73- 


H  ,C'H* 
K  ,C'H« 
K  ,eH' 
K  ,C«1P 
K  ,CW 

KH',C«H« 
K  ,CW 
Sbc  ,C*H  SbcO»  + 
Sbc»,CTP  O*  + 
Sbc,C«HSlxO»'-f 
BaH",OW  <y  4- 
Sbc»H*,eH*    0»  4- 


<y  4- 

0>  + 
0»4- 

0»4- 
0*4- 
0^  + 


0*1 

o*j 

( 


H  ,CH* 
Sbc»,C*H* 
H  ,0«H« 

11  ,C'H* 
H  ,C^I1' 
Sbc",CH« 

Sbc»,C*H  SbcO* 

Uc^C*H  SbcO* 
Sbc»,C*H«  O* 
Sbc*,C*H»  O* 


0*1 

o^f 


Digitized  by  Google 


INVESTIGATION  OF  THE  TARliiAILa.  4G3 


Ghoup  L.    AxiLiDEs  OF  Tartaric  Acid. 

74.  ZH     ,CrH»;C*H«0«  •   .  Phenylac  tartiylete. 
^    I ZH     ,eH» ;  C«H«0«  (        Phenvlac  tartiylete  cum 
H  ;  C'H'0»f  •    •     liydia  tartryUte. 
.  1  ZH    .C*H* ;  en*(T  J       Phenylac  tartiylete  cam 
t^'X  V^A-.rnvo^*    '     baryta  tartrylite. 

j  ZH     ,<?H» ;  mAHT  \        Phenvlac  tartiylete  cum 
Ag;C«HWf*    •      argenta  tartrvlito. 
78.  Z,C«H«,0'H*;  (?H«0*  .   .  Tartrylic- phenylac  tar- 

tryiote. 

The  coustiiution  of  Tarthyl,  the  radical  of  Tartaric  Acid,  is  C*ll*, 
Its  salts  are  monobasic^  but  they  combine  with  one  another  in  endlesd 
variety.  The  classificatkm  in  the  Table  is  intended  to  show  the  prin- 
cipal fonns  of  the  oomponnd  salts  which  are  thus  prudnoed. 

A  peculiarity  of  tartaric  acid  is,  that  it  not  only  gives  origin  to  salts 
which  resemble  the  salts  of  monobasic  acids,  usiudly  Bo-called,  snch  as 
the  acetates ;  bnt  also  to  the  acid  salts  and  double  salts  which  charac* 
tense  the  adds  that  are  commonly  called  bibasic,  such  as  the  sulphates 
and  oxalates;  and,  finaUy,  to  a  third  series*  which  includes  the  three 
difierent  forms  of  salts  that  so  remarkably  distinguish  the  phosphates. 

Thus,  in  Group  B,  we  have  a  series  of  monobasic  salts;  in  Group  D, 
add  doable  salts ;  in  Group  neutral  double  salts ;  in  Group  C»  we 
pereeive  terbxsic  siilts,  formed  like  the  terbasic  j)hosphates ;  and  in 
Group  Hf  we  find  combinations  of  monolitisic  salts  with  terbasic  salts, 
affording  compounds  that  are  precisely  similar  in  constitation  to  the 
bibasic  pyrophosphates. 

The  variety  which  exists  among  the  tartrates  is  still  further  increasetl 
by  the  circumstance  that,  under  t!ie  action  of  heat,  the  radical  taitr}l 
can  exchange  one  atom  (the  half)  of  its  hydrogen,  fur  a  metalloid  or  an 
acidifiable  metal,  and  thus  jjroduce  a  vice-radical,  which  retains  the 
p<nver  of  forminj^  salts.  Among  the  vice-tartryls  tluis  produced,  I 
niav  cite  stiltiotartrvL  arsanic-tartrvl,  ferric-tiirtrvl,  chromic-tartrvl, 
bismic-tartryl,  uraiiic-tartryl,  and  l)oric-tartr\'l.  Examples  of  the  salts 
of  these  vice-radicals  are  quufced  in  Ci  roups  I  and  K. 

A  kiiowledp-  oJ  these  particulars  enablis  us  to  comprehend  the  con- 
stitution of  the  tartrates,  which  wuiild  othi  rw  ise  appear  to  be  not  a 
bttle  perplexinof.  I  shall  briefly  run  ov»'r  the  list  of  examples,  and 
quote  the  common  names  of  the  leading  salts.  A  particular  account  of 
the  whole  of  them  may  be  seen  in  the  TraiU  de  Chimie  of  Gerhardt, 
and  the  Handbook  of  Chemistry  of  Gmelin. 

Group  A.  Tartaric  Acid, — ij.  Crjstallised  tartaric  acid,*  The 
fermula  given  by  Gorhardt  is  C^HW  Gmelin*s  formal®  are  (?H«0" 
and  (THHyfy,   These  formula;  represent  the  acid  as  bibasic,  and  they 
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assome  the  atomic  weight  of  C  to  be  6,  and  that  of  O  to  be  8.  As 
these  formula  of  the  acid  are  so  much  moro  cornpli*  ated  than  that 
which  is  i^iven  in  No.  i,  it  may  hv  inferred  that  the  formula}  that  are 
given  hv  tli<>  sam*^  chemists*  to  the  various  tartrates,  are  also  moro  com- 
plicated and  runiix-rsome  than  those  that  arc  t^nvon  in  tlio  aliove  Table. 
That  is  actually  the  nt^o  ;  Ijut  I  sluiU  forbear  the  ({notation  of  them, 
because  they  [)resent  no  paniriilarly  novel  |M)inti>,  and  1  have  already 
stiffici<*ntly  disouHse<l  the  ordinary  eliaraett-rs  of  orc^nic  fonnub'. 
2j.  The  tailiU'ic  acid  anhydride.  3 J.  A  combination  ol  tiie  anl*ydnJe 
with  two  atonLs  of  the  hydrated  acid.  This  compound  is  usually  caJleti 
tartrdk  add*  A  timilar  compound,  containing  one  atom  of  the  anhy- 
dride with  six  atoms  of  the  hydrated  acid,  has  been  caUed  tartraUo  aod, 
I  mention  these  particalaiv  to  show  that  yarioas  combinations  are 
fonned  by  hjdnted  and  anhjrdrons  tartaric  add,  and  that  chemists  m 
in  the  habit  of  describing  such  compounds  as  new  acids^  It  nay  be 
doubted  whether  tliat  practice  is  judicions*  If  yaa  apply  heat  to  a 
number  of  atoms  of  hydrated  tartaric  acid,  or  of  any  tartrate,  you  can, 
according  to  the  degree  of  heat  applied,  and  to  ite  duration  of  its  appli* 
cation,  drive  off  more  or  less  HHO,  and  con8e<)uently  more  or  less 
change  the  constitution  of  the  sul>stance  so  exposed  to  heat.  ^\'hcn  the 
crystallised  add  is  so  treated,  the  product  may  be  a  mere  mixture  of 

and  is  not  necessarily  a  neic  acid,  W  hen  a  salt  is  s')  trentf.-d,  it  passes 
fruin  one  class  to  another  class  ut  the  salts  descril»ud  in  tlic  tort-tT' iini» 
Table,  and  seems  to  l>econi('  a  new  salt,  yet — when  the  dricnl  :ialt  ia  ex- 
posed to  thu  action  of  water,  it  recovers  ts  original  condition. 

Group     Nomal^  Neutrtd,  or  Monobasic  TartraitisSf 


k 

m 

7] 


of  potash.  8 

of  soda.  9]  of  lead.  13^ 

of  ammonia.  10  of  copper.  14 
of  lime.  II 


of  silver.        12    of  iron. 

of  mercur)'-ammonitmi. 
of  methyl, 
of  ethyl. 


of  tin.  15 

The  chanictcristics  of  the  s.iltsof  this  group  are,  that  one  radical  is 
fonibinf*«l  in  them  with  one  atom  of  normal  tartrvl  and  n  itli  i  f.  These 
monobasic  salt^  <  \m  be  converted  into  apjjarently-i>iUi.-iic  salts,  by  the 
easv  process,  de:5tnbL'd  at  page  395,  of  (hinbling  tlu*  f'»rmula?.  Thus, 
K,C*H*0"  X  2  becomes  KK,CT1*(J^  Xaj  winch  formula  it  would  bo 
judicious  to  add  in  all  uLses  ctii  l>ono? 

Guoul'  C.  Ih-Umk  I'artrate^.  These  salts  agree  in  composition  with 
the  terbasic  phosphates — ^see  page  138;  thus,  No.  16  is  Sbc,CfHW  + 
Sbc,SbcO,  namely,  it  is  a  monobasic  tartrate  of  Groop  B,  combined  widi 
a  salt  formed  on  the  model  of  water.  16].  Keutnd  tartrate  of  anti- 
mony.   17],  Tartrate  of  sesquioxide  of  uranium.    18].  Tartrate  of 
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inuth,  19].  Neutral  tartrate  of  soda.  The  add  tartrate'  of  soda  is; 
No.  39.  As  conuijonly  represenk;d  in  choniical  books,  the  s;dts  16  and 
17  contain  (^aq)  in  addition  to  the  constituents  represented  in  tliesc* 
fi>rmulsp.  Thus  No.  16  is  represented  as  2SbCP,C*H*0**,  and  No.  17  as 
aUVfCHH)^',  which  formate  are  expressed  hj  Ko.  73.  This  diiTer- 
enoe  may  be  doe  to  the  presence  of  a  little  extra  water,  or  it  may  arise 
from  error  in  analysis.  The  tartrates  lose  water  gradually  while  in 
oomse  of  drying,  and  there  is  no  fixed  temperatnre  at  which  standards 
can  be  taken,  while  they  saflfer  from  the  disadvantage  that,  being  fre- 
quently decomposable  by  pure  water,  they  cannot  be  washed  dean 
previous  to  analysis.  However,  the  piesenoe  of  additional  water  in  these 
salts  does  not  Invalidate  the  terbasic  formula^  any  more  than  the  presence  of 
water  of  crystallisation  invalidates  the  formulae  of  the  terbasic  phospKates* 
No.  19  represents  a  nentral  crystallised  salt  which  has  been  frequently 
analysed,  and  the  composition  of  which  appears  to  be  free  from  doubt. 

These  salts  are  of  course  all  changed  in  composition  when  heated. 
No.  16  represents*  a  salt  dried  at  100°  0.  If  heated  to  I90°C,  it  is 
changed  into  iio*  69.   This  is  explained  by  the  following  equation : 

Sbc»,CTPO*  I      J  Sbc,C*HSbcO»  +  Sbc»,C"HSbcO* 
Sbc»,CTPO»f      t        H    O  4-  H 

There  lx»ing  in  No.  16  no  ready-formed  water  separalilo  by  xlu^  iiK  ii  aseti 
In-at,  the  tartryl  undergoes  substitution  of  Six-  f-n-  H,  to  thf  (  xtcntof 
halt'itH  hydroc^en,  but  never  more  without  entire  desUuction  to  the  arid. 
Ill  iike  nianm  r,  No.  17  produces  a  salt  equivalent  to  No.  69,  l>ut  iiaving 
6  Uc  instead  of  6  She  The  salts  TS'os.  16  and  17  combine  tn-^j-thor,  to 
[inxiuee  the  eonuMjund  iNo.  70,  and  \\  In  i!  this  compound  is  dri.d  at 
200^  C,  it  is  ixduced  to  the  condition  ul  No.  71.  The  salt  NO.  16  coju- 
1)1  ties  witli  tiiree  atoms  of  hydrated  acid  and  tlinr  atoms  of  water  to 
fonn  the  quadrotartrate  No.  64.  It  combines  with  three  atoms  of  mono- 
liasic  tartrate  (not  known  in  the  separate  state)  to  Ibrm  the  quacLrupIe 
salt  commonly  called  add  tartrate  oi  antimony  No.  6^.  It  combine:^ 
with  one  atom  of  the  monobasic  acid  Na  i,  to  form  tne  tetrobasic  salt 
No.  40,  and  when  No.  40  is  dried  at  160^  C,  it  produoeH  the  double 
vioe-tartrylate  No.  57.  It  is  evideot,  from  these  examples,  that  if 
G^H*,  the  acid  radical  of  tartaric  add,  was  as  indestnictible  by  heat  as  P, 
the  add  radical  of  phosphoric  add,  it  would  be  easy  to  produce  among 
tb«  tartrates,  with  any  given  positive  radical,  every  varied  of  salt  which 
is  piodadble  among  the  phosphates. 

Wlien  No.  19  is  heated,  it  loses  HHO  and  becomes  No.  5.  No.  1 8 
probably  undergoes  a  similar  reduction  to  Bic,^!!^)*. 

Gbocjp  D.  Add  Tartrates.  20].  This  is  the  fundamental  salt  of  the 
tartaric  series— cream  of  tartar  or  bitartrate  of  potash.  21].  The  add 
tnrtrat^'  of  ammonia.    3oda  forms  a  similar  salt,  namely,  Na,C'H'0'  -}- 
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Group  E.  Amicbgm  SaU$*  22jL  Tartramide,  deiivecU  as  usual,  firom 
tlie  normal  tartnate  of  ammomiuii  ao.  6,  hy  abBfaraction  of  H;UO.  23]. 
Tartnunic  add,  derived  from  the  add  tartrate  of  ammoiua  Na  21,  by 
abetractkm  of  H,HO.  24].  Tartramate  of  ethyl,  or  tartramethane. 
No.  aa,  tartramide,  ia  quoted  at  NOb  173,  page  a 1 1,  in  the  list  of  amids. 
Ko.  23,  tartramic  acid,  belongs  to  the  amidogeD  acids  with  compound 
radicals,  which  arc  described  in  Group  C,  page  aa7.  The  evidence  fioni 
analogy  offered  by  these  compouDds  is  in  fiiYonr  of  the  theory  that  tsr- 
taric  acid  is  monobasic. 

Group  F.  Double  Tartrates,  These  salts  are  of  the  same  rank  as  the 
double  snlphatps,  pago  150,  and  the  double  oxalates,  pacro  i-y^.  The 
arguments  whicli  I  have  emplovetl  to  prove  the  monobasic  nature  >*i 
sulphuric  and  oxalic  acids  apj)ly  (XjiuiUy  to  tartaric  acid,  and  need  no 
repetition,  25].  Tartrate  of  potiish  and  soda.  Salt  of  Seignrtte, 
Rocholle  salt.  26].  Tartrat<^  (if  ]M)tash  and  ammonia.  Tartarus  sulu- 
bilis  amnion iacal is.  27I  Taid  tte  of  jxttash  and  copper.  28].  Tartt^ 
of  soda  and  barytt^s.  2^^.  iuitrate  of  soda  and  ainmouia.  joj.  Tar- 
tiate  of  soda  and  magnesia. 

Group  G,  Conjugated  TartraUs^  The  conjugated  tartrates  eootain 
imaginary  acids  formed  in  accordance  with  the  iailadoiis  doctrine  which  I 
have  examined  in  the  chapter  on  the  Bisnlphates  of  the  Alcohol  Radicals, 
page  399.  All  the  conjugated  tartrates,  as  is  shown  by  the  formols 
N06.  31  to  38,  consist  of  double  tartrates,  each  containing  one  positivie 
radical  of  the  yinyl  series,  and  one  positive  radical  of  the  inor^nic  series^ 

3 1  J.  Tartaromethylic  acid,  or  methyltartaric  acid.  3  2  J.  Tartaro- 
methylate  of  potash*  33].  Tartarovinic  acid.  34].  Tartarovinate  of 
potash.  35].  Tartarovinate  of  borytes.  36].  Tartarovinate  of  silver.  37J. 
Amylotartaric  acid,  or  tartramylic  acid.    38].  Tiu-traniylate  of  silver. 

Tm.^tinj:^  tfiat  the  reader  will  examine  the  argimient.s  which  I  havr> 
nri^ed  in  the  cliapter  on  the  BisulpluUes  of  the  Alcohol  Radieals,  and 
will  ap|)lv  them  to  the  corre-^ponding  hiuntrates,  it  is  onlv  necess^irv  tor 
nie  to  make  here  the  remark,  liiat  the  so-calkHl  "  conjnuatitl tartrat<t> 
afford  no  evidfuce  in  favoui-  of  the  l>il»a.sic  nature  of  tartaric  aad,  but,  on 
the  contrary,  tend  to  prove  it  to  be  ujonobasic. 

Group  II.  Tetrabasic  Tartrates,  These  salts  are  tetraljasic  and  biadd, 
and  agree  exactly  in  constitution  with  the  bibasic  phosphates,  wliich  are 
also  tetrabasic  and  biadd,  and  cannot  be  divid^  into  salte  that  are 
bibasic  and  monacid,  becoose  of  the  tmeven  nnmber  of  their  atoma  of 
oxygen.  These  salts  are  produced  by  the  combination  of  salta  of 
Group  B  with  those  of  Gronp  G,  atom  to  atom.  It  is  the  same  with 
the  phosphates.  A  monobasic  salt  and  a  terbadc  salt  make  together  the 
intermediate  wrongly-called  bibasic  salt. 

All  the  salts  of  Group  H  suffer  loss  of  water  when  heated,  and  they 
are  tliu^  changed  into  salts  belonging  to  other  groups.  Na  39  nUnvs 
HHO,  produces  a  salt  equivalent  to  Iso.  20  in  Group  D, 
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No,  40  —  HHO  becomes  No.  57. 
43  — TIHO  „  58. 
44— HHO      „  59. 
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No.  45  —  HHO  becomes  No,  66. 
46  — HHO  „  61. 
54  — HHO      „  63. 


In  this  change,  the  tetrabasic  and  biacid  salts  arc  transfoiined  into 
doaUe  monobasic  salts^  wifeh  a  coiiv«»ioii  of  normal  tartiyl  into  vic^ 
tartiyl.  There  is,  however,  no  permanent  alteiation  of  the  acid  radical ; 
^  if  the  salts  of  Group  I  are  treated  with  water,  the  normal  radical 
CH^  18  again  fermed,  and  the  salts  resome  their  original  constitution. 
Many  of  the  salts  of  Group  H  take  op,  when  crystallised,  or  when  newly 
precipitated  and  undried,  more  water  than  I  have  represented  in  the 
formula.  In  particular,  tartar  emetic  No.  43,  and  several  equivalent 
salts,  take  up  half  an  atom  more  water,  and  assume  the  constitution  that 
is  eadiibited  by  No.  68.  With  still  more  water,  they  acquire  the  form 
of  No.  72,  and  with  still  more,  that  of  No.  73. 

39].  Acid  tiirtnite  of  soda.  40].  See  note  to  16.  41].  Tartrate  of 
aniimony  and  soda.  42].  Tartrat^^  of  antinidnv  and  anunoiiia..  43]. 
Neutral  tartrate  of  antimony  and  poutsh  dried  at  100'^  C.  Tartiir  eiuetic. 
Tartaiised  antimony.  When  this  salt  is  cr}^stallised,  it  has  the  com- 
position shown  by  No.  68.  Wlieii  it  is  dried  at  200^  C,  it  In  comes 
No.  58.  When  58  is  dissolved  in  water,  it  again  becomejs  equal  to  43. 
44J.  i'ailiateof  antimony  and  Ixirytes  dried  at  100°  C.  When  dried 
at  250^0,  it  changes  to  No.  59.  When  in  cr)'stals  its  composition  is 
-eprasented  by  No.  72.  45].  Tartrate  <^ antimony  and  silver,  air-dried* 
When  dried  at  160^  C,  it  changes  to  No.  66.  46].  Tartrate  of  anti- 
mony and  lead.  When  dried  at  230^  C,  it  becomes  No.  61.  47]. 
Tartrate  of  afsenious  add  and  ammonia.  48].  Tartrate  of  potash  and 
peroxide  of  inm  dried  at  100^  0.  49].  Tartrate  of  ammonia  and  per- 
Oocide  of  iron.  50].  Tartrate  of  peroxide  of  iron,  according  to  Graelin*s 
fonnuk  s  2FeH)^,3CU'0".  If  Na  50  were  deprived  of  Aq\  it  would 
be  reduced  to  the  condition  of  two  atoms  of  No.  12.  51].  Tartrate  of 
sesquioxide  of  chromium.  52].  Tartrate  of  potash  and  sescjuioxide  of 
chromium.  55.  Tartrate  of  soda  and  cupric  oxide.  54].  Tartrate  of 
potash  and  boron.  Borotartrate  of  potash.  Soluble  tartar.  Dried  at 
100^  C.  When  it  is  heated  to  280*^  C,  it  is  chnnj^ed  into  No.  63. 
55].  Tartrate  of  uranous  oxide  dried  at  100°  C.  56J.  Tartrate  of  potash 
and  uranous  oxide. 

Group  I.  Double  TaHrates  cotUaininff  Viee-TartryJs.  These  s^dts  liave 
becni  so  frequently  referred  to,  that  farther  detail  b<'«  nis  ne»  ti!<'>.^.  The 
only  salt  that  has  not  been  s])ocialIv  allud.  d  to,  is  No.  62,  wiiicli  is  com- 
monly allied  the  tartrate  of  jxush  and  bismuth,  drird  at  20O^  C. 
When  tli(*  salts  of  this  section  arc  dissolved  in  water,  tliey  must  Ije  con- 
sidered to  be  agiiin  restored  tu  the  condition  of  the  salts  containtid  in 
Group  H. 

GRoUi'  K.  ComjAt'x  Tartrates,    This  list  might  be  extended  tu  a 
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irieat  leiiu'  iu  tiip  liabits  of  tartaric  acid  beinj^  such  as  tend  to  the  in- 
definite pruduction  of  sucli  multiple  salts.  It  is  sufficient  to  grive  a  kw' 
examples.  Nos.  64,  65,  69,  70,  and  71,  have  l>e('n  already  explain  -^1 
in  the  article  on  Ko.  16,  Group  C.  64].  Su])ertartiate  <>t  antiuK^nv. 
65].  Acid  tiirtiatc  of  imtimony.  66].  Acid  cream  of  tartar,  dried  at 
100^  C.  This  may  be  considered  as  a  compound  of  tartar  emetic,  Isa 
4 j ,  with  two  atoms  of  hydrated  tartaric  actcC  No.  i ;  or  as  a  compound 
of  tartrate  of  antimony  No.  40,  with  bitartrate  of  potash,  No.  20.  67]. 
A  compound  of  one  atom  of  tartar  emetic,  No.  43,  with  three  atoms  of 
cream  of  tartar,  No.  20.  68].  Ciystallised  tartar  emetic ;  see  No.  43. 
69,  70,  and  71].  See  note  to  No.  16.  72].  See  note  to  No.  44.  It 
is  the  crystallised  tartrate  of  antimony  and  berytea.  73].  The  frcahly- 
precipitated  neutral  tartrat^-^  of  antimony  ;  see  No.  16. 

Group  L.  Anilkks  of  Tartaric  Acid.  The  compounds  formed  bv  tar- 
taric acid  with  auUine  have  been  described  by  Ati[>1>0  (  Quarterly  Journal 
Chemical  tiodety^  vilL  179)1  from  whom  I  copy  the  following  names  and 
formnlfe : — 

74J.  Tartanilidc  =  C^H"N"0»  =  2C"H'N.C«H^^*  -  4HO.  75]. 
Tartanilic  acid  =  C*H"NO^  76].  Taiianilat*'  of  bar>-tes  =  BaO. 
W^•NO^  77I.  Tartanilalc  of  silver  ^  AgO.C^H^^KO*'.  78].  Tar- 
tanil  -  C^H^NCy  =  C'«H'N.C«H"0"'  -  4HO. 

J^o  long  a-s  chemists  confine  themselves  to  nnitarv  formulas  or  to  the 
equally-enlightening  formula  of  "  sc»-and-so  minus  s^j-aiid  so/'  they  must 
be  puzzled  to  account  for  the  variations  in  the  quantity  of  ox}'gen  jire- 
sented  by  such  salts  as  the  above.  Bat  on  the  radical  theor)%  and 
assuming  the  {>ropriety  of  the  amidcgen  theory  which  I  have  advanced, 
every  atom  described  in  these  fbrmube  can  be  rationally  accounted  for. 
In  74,  we  have  0^,  because  the  normal  tartrate  of  pbenylam  must  have 
0^  (viz.  ZIP,<?H»;  CTPO").  In  75,  76,  77,  we  have  <>•,  because  there 
is  present  one  amidogen  tartrate  with  O*,  and  one  normal  tartrate  witli 
O*.  In  78,  we  have  O*,  because  tartryl,  when  a(  tin:!  as  a  basic  radical, 
carries  O"  extra  into  its  salts,  and  in  this  salt  replaces  In 
other  respects  78  agrees  exactly  with  74.  These  anilides  prove  that 
tartryl  is  G^H*,  and  monobasic. 

In  the  forego  in  <j;  explanation  of  the  constitution  of  the  Tartrates,  I  have 
made  use  of  the  raili<al>  wiiieli,  at  juu'e  3:;,  T  dt-nominatetl  bastlic. 
Ttiey  eftect  a  decid*^!  simplilK  ation  in  the  ibrmulaj,  by  displaciug  some 
cumuiunly -received  extravagancies. 

For  example.  No.  50,  the  Tartrate  of  the  peroxide  of  iron  = 
H,(;*li-0'  +  liFec*,C'li'U*,  is  described  by  Gmelin  as  follows; 

2Fe«0^,3O'HW 

The  symbol  C^IPO**  contained  in  the  above  formula,  is  GmeluiV 
formula  for  hydrated  tartaric  add;  that  of  his  anhydrous  acid  being 
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(TW(y\  We  have  conseqaently  in  this  salt,  acoordiDg  to  this  ibrmuJa, 
two  atoms  of  base  and  three  doable  or  bibasic  atoms  of  add.  Tlie 
reason  that  there  are  present  these  proportions  of  base  and  acid  is,  that 
there  are  six  atoms  of  oxygen  in  the  given  quantity  of  base,  and  there 
must  oonseqnentljr  be  six  atoms  of  monobasic  add ;  for  it  is  a  law,  ob- 
servable by  those  who  profess  to  believe  in  the  existence  of  adds  and 
bases,  that  a  salt  must  have  an  atom  of  add  jfor  every  atom  of  oxygen 
that  is  contained  in  its  base. 

Turn  now  to  the  consideration  of  the  constitution  of  the  double 
tartrate'  of  |X)t;i8h  ;infl  jM-roxide  of  iron,  No.  48  in  the  above  list  = 
K,CH\)^  4-  Fec^dl''0^  GmelinVs  fonrnila  for  this  salt  is  CH*K 
(Fe*0*)0'*,  and  Professor  Miller's  formula  is  KO,F(/()',L"H*0'".  In 
tiiese  foriuidLC,  the  law  that  enjoius  a  certain  correspondence  between  the 
quantities  of  the  acid  and  the  base,  is  set  at  defiance.  Why  so?  We 
liave  four  atoms  of  oxygen  in  the  bases,  and  ikve  out^ht  therefore  to  have 
two  atoms  of  bil^asic  acid ;  but  we  have  only  one  atom.  Why  so  ? 
How  comes  it  tliat  the  usual  law  is  observed  in  the  tartrate  of  iron,  but 
not  in  the  tartrate  of  potash  and  iron?  Why,  in  the  latter  case,  is 
Nature  a  rebel  against  the  law  of  the  philosophers  ?  Simply  because  the 
law  is  absnrd,  and  Nature  cannot  observe  it. 

Take  the  fonnula  KO,Fe^,G^K)^  and  ask  yourselves  the  question, 
which  of  these  components  of  the  salt  is  the  add  and  which  is  the  base? 
Is  Fe^  a  base  ?  If  so,  the  salt  ought  to  have  twice  its  present 
quantity  of  add.  Is  Fe^  an  acid?  If  so,  we  want  a  base  for  it,  for 
KO  only  suffices  to  saturate  half  the  quantity  of  add  which  is  expressed 
by  the  symbob  Cni^''«  In  shorty  whether  you  treat  the  sesquioxide 
of  iron  as  acid  or  as  base,  you  are  equally  unable  to  give  a  rational 
account  of  the  composition  of  this  salt.  So  it  always  is,  when  you  tnist 
to  the  theory  of  the  sesquioxides  to  explain  a  critical  case.  Your  guide 
betrays  you,  and  down  you  sink  into  inextricable  muddle.  That  is 
surely  sufficient  reason  to  induce  you  U)  doubt  the  trustworthiness  of 
your  guide,  and  to  look  for  assistimce  upon  whirh  von  can  de|>end. 
Examine,  then,  the  vahie  of  the  help  otlered  i'v  the  ba.sylic  radicals.  See 
how  the  radical  theory  applies  to  these  uvi>  tartrates. 

Giiieiin's  first  formula  =  2FeH>',3C"iru'*,  corrected  for  water  be- 
comes 2Fe*0',3CTI*0'".  Correcting  the  atomic  weights  of  tlie  carbon 
and  oxygen,  this  becomes  FeX)*,C'*H"0**.  Exchanging  the  four  ferroos 
atoms  for  six  foiiic  atoms,  and  putting  the  oxygen  tc^ther,  the  product 
is  Fed",C'«H»W  Dividing  this  formula  by  6,  we  have  Fec,CWO», 
which  corresponds  with  No.  I  a,  and  in  fact  shows  that  the  salt  expressed 
by  Gmelin's  immense  fonnula^  which  comprehends  86  ultimate  atoms* 
can,  on  the  radical  theory,  be  dearly  expressed  by  a  formula  that  con- 
tains  onlv  8  ultimate  atoms,  or  the  eleventh  part  of  Gmelin\s  quan- 
tities. Including  the  water  of  Oraelin\s  formula,  the  reduced  formula 
becomes  No.  50,  which  contains  19  ultimate  atoms. 
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The  forraute  for  the  doul.Ie  salt  is  KO,Fe*0',CfH*0^  Corrocting  the 
atomic  weights  of  the  iron,  the  carbon,  and  the  oxyg^^n,  and  collecting 
the  oxygen  together,  this  formula  beoomes  K,Fec',C*UXyy  and  this 
thrown  into  the  analytical  form  becomes 

K,(?EPO»  -f  (Fec,CWO»  +  Fec,FecO), 

whicii  is  equal  to  No,  48,  a  fonnula  that  oxhiliits  no  difficulties,  and 
excites  no  doubts  rebpectiug  the  iuuctious  perlbrmed  by  the  atom^  of 
iron. 

How  siin|tle  this  explanation  ajijM'ars!  How  the  radical  theon' 
scatters  th«*  mists  that  are  produc<'<l  Iw  the  hypothesc^s  of  "  acids"  and 
*•  bases,"  and  *'  sesquioxides  " — scientific  shams,  which  noniiuall y  sc-n  e 
to  explain  the  constitution  of  the  tartrate's,  but  actually  to  pu7zle  and 
bewilder  you! 

The  Xanthates. 

A.  SULPBOGARBONATES,  OB  SULPHOXAMTHATES. 

1.  H   ,H    ,CS*,S"  .  .  Hydren  xantha  anlphene. 

2.  ZH^  ,ZH*  ,CS',S'  .  .  Ammonen  xantha  aolphene. 

3.  K   ,K    ,CS*,S*  .  •  Potftssen  xantha  snlphene. 

4.  Fe  »Fe  ,CS^S*  •  .  Ferrenoits  zanllia  amphene. 

5.  Fee  ,Fec  ,GS\S*  •  .  Ferrenic  xantha  aolphene. 

6.  C  H",C  H*  C!S*,S^  •  .  Methylen  xantha  sulphene. 

7.  C«H*,CTI*,CS*,S«  .  .  Ethylen  xantha  snlphene. 

8.  K    ,CH^,CS%S'  .  .  Potassa  ethyla  xantha  aolpbene. 

B.  Xanthates. 

a).  XanthomsthiylaU9* 

9^  CGP.CH'yCS^  .   •   •   Meihjla  methyla  xanthate. 

10.  K  ,CIP,CS^  .   .   .   Potassa  methyla  xanthate. 

11.  Pb  ,CH*»GS^  •   •   .   Plomba  methyla  xanthate. 


12.  H  .(''H^CS*() 
II.  CH\C*H\CS^O 

14.  cH^c*H^cs*o 

15.  ZH*,C*mCS*0 

16.  K  ,C•H^CS*0 

17.  Na  ,C*H\C\s*0 

18.  Ba  ,C•H^CS*0 

19.  Pb  ,C*H\CS*0 

20.  Cu  ,C*1P,CS*0 


h),  Xantluites, 

Hydra  ethyla  xanthate. 
Ethyla  ethyla  xanthate. 
Methyla  ethyla  xanthate. 
Ammona  ethyla  xanthate. 
Potassa  ethyla  xanthate. 
Natr.i  • 'thy la  xanthate. 
Bi\ryta  ethyla  xanthate. 
Pluniha  ethvla  xanthati'. 
Cuprous  ethyla  xanthate. 
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21.  H  ,C*H",CS*0 

22.  C*H»SC*H",CS*0 

23.  C  H»  ,C»H",CS*0 

24.  CH*  ,C*H»',CS^3 

25.  2H*  ,C*H",CS*0 

26.  K  ,c»ir»,csH) 

27.  Pb  ,CPH",CS^ 


Il'^  iira  ;UMN  i;i  xantluite. 
Amvla  am  via  xautliate. 
Methyla  amyla  xanthate. 
Ethyla  amyla  xanthate. 
Ammona  amyla  lanthafte* 
Potassa  amyla  xanthate. 
Plumba  amyla  xanl^te. 


26.  E,Cfir,GSH)  .  .   .   Pcftaasa  propyla  xanthate. 

29.  K.CWtCS^  .  .   .   Potaaaa  cetyla  xanthate. 

ey  SuIpho-carbamaUs, 

30.  H   .ZI!  <       .  .    .   Hydra  amida  xantha. 


31.  ZH%ZHM'S* 

32.  Pb  ,ZH*,CS* 

33.  Zn  ,ZH«,CS* 

34.  Cu  ,ZHSCS* 


•  •  Ammona  amida  xantha. 

•  ,  Plumba  amida  xantluu 
.    ,  Zinca  amida  xantha. 

•  •  Cuprous  amida  xantha. 

C.  B1NOXY8CJLPHOCARBONATB8. 

35.  CH^,CS*0  ....  Methyla  xanthate. 

36.  C*H*,CS*0  ....  Ethyla  xanthate. 

37.  C*H",CS'0  ....  Amyla  xanthate, 

38.  ZU*  fiS*    ....  Amida  xantha. 

D.  OXYXAXTHATES. 

jC*IP,(7H\CS*0\  Ethvl  II  xanthate  cum  ethylen 
39-|C«H»,C-H*,CO»  f  •    *  cailiite. 

J  C*IP,C«H\CS*0 i  Ethylen  xanthate  cum  potab^ 

|K    ,K    ,C0»  (  •    •  carbite. 

J  C"H*,C*H*,C  S*0 )  Ethylen  xanthate  cum  argenten 
^'•]Ag  ,Ag  ,C0»  f  •    •  carbite. 

j  C*H*,C*H\CS*0 1  Ethvlen  xanthate  cum  plumben 

\rb  ,rb  .O/  I  •    •  carbit^i. 

£.  Xanthamides. 

^ ^  J (?W  ,(?H^  ,CB*0\  Ethylen  xanUiate  cum  ammona 

,CNOf    •  cvanate. 

i  (m■^CfIF^CS'Oi  Amylen  xanthate  com  ammona 
[ZH*         ,C?NO)     •  cyanate. 


44- 1: 


The  corapoundii  tliat  are  exhiVnted  in  the  above  Table  are  those 
which  are  produced  by  the  combination  of  sulphide  of  carbon  vv  itli  pobi- 
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tive  radicals,  with  or  without  oxygon.  The  formula  which  is  usually 
given  to  sulphide  of  carbon  is  OS*,  but  in  conaeqnenoe  of  my  having 
doubled  the  atomic  weight  of  carbon,  I  am  Ibroed  to  give  to  this  oooi- 
poand  the  formula  CS%  and  this  alteration  produces  so  great  a  diange  in 
the  apparent  composition  of  its  salts,  that  I  have  considered  it  proper  to 
give  a  comprehensive  series  of  eMmples. 

Sulphide  of  carYx)n  appears  in  this  list  in  the  character  of  an  add 
radical,  and  to  act  in  tliat  character,  sometimes  with  bibasic  ]x)wer,  and 
sometimes  witli  monobasic  power.  The  results  are  convenient  for  pur- 
|>oses  ot  classification  and  nomenclature ;  but  I  think  it  right  to  add,  in 
order  to  prevent  misapprehension,  that,  in  mv  opinion,  the  sulphide  of 
airbon  is  not  a  radical,  V>ut  the  sulphide  of  a  nvdical,  and  ouLrlit  tr>  lx» 
denut«'<l  by  the  fornuihe  CS^,S  ;  frum  which  it  follows,  that  the  f  -rniula 
for  the  S4ilt  No.  t  oun;Iit  in  strict  accuracy  to  Ix;  that  of  a  triple  siilpiude 
=  CS*S  4-  HS  -f-  118,  u'liile  the  tbrmula  for  No.  9  oui^ht  to  represent 
a  double  sidt  =  CIP,CH'*0  C8',S.  This  opinion  is  founded  ujx;>n  th*' 
notion,  that  there  exists  a  series  of  sulpliic  vice-radicals  which  cor- 
respond to  the  vinyl  series  of  hydrogen  and  chlorine  radicals.    Thus  ; 

CH,  CH«,  CH';  CH»,H 
CCI,  CCl",  CCP;  cci»,a 
CS ,  CS« ,  CS»  ;  CS»,S. 

But  the  subject  of  snlphic  radicals  is  one  of  such  importance  and  extent 
that  I  shall  not  press  it  upon  the  attention  of  chemists  in  this  article. 
The  fomudae  given  in  the  above  Table  may  pass  as  convenient  synoptical 
formula  for  the  respective  salts^  while  their  closer  examination  is  de- 
ferred. 

I  have  denoted  the  sulphide  of  carl>on,  CS*,  in  these  Tables  bv*  the 
term  .rnnfh.  At  jmges  53,  98,  and  109,  I  wrote  xanthyL  Upon  recon- 
si(l(  ration,  I  think  it  ex}>('dieot  to  leave  the  terminal  yl  in  the  exclusive 
pass-'ssion  of  tlie  livdrocarVions, 

Xanth,  in  the  st;it<'  of  l,^is,  measures  two  volumes  (see  page  53);  but 
the  bil^ic  xanthatcs  also  measure  two  volumes ;  see  three  examplps  at 
pii^e  60; — hence  xanth,  like  sulphur  and  carbon,  measures  notliing  in 
its  gaseous  salts ;  and  I  have  so  described  it  at  page  109.  The  measure 
of  two  vohunes  which  xanth  possesses  ptr  m,  Is  advenie  to  the  notion 
that  it  is  a  radkaL 

hk  the  foUowmg  notes,  I  must  quote  many  of  the  names  that  have 
been  applied  bj  diemists  to  the  difierent  kinds  of  xantbates ;  but  the 
numbcor  of  synonymes  for  these  salts  to  which  rival  hypotheses  respecting 
their  composition  have  given  rise,  is  so  enormous,  that  I  can  only  give 
space  to  a  selection  from  them,  and  to  only  a  brief  notice  of  the  theories 
u|X)n  which  they  depend.  The  reader  will  find  ample  details  respecting 
the  diderrnt  compounds  on  consulting  the  following  works  : — Gmelin*s 
Handbook  of  Chemistary,  vols,  vii,  viii>  and  Is.    (xerhardt»  Traits  de 
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Chimie,  tome  i.  Liebig's  Handworterbuch  der  Cheroie,  Bond  iv,  aitide 
Kohloisalfidsalz;  Band  article  MethyloxydsulfokohleDsaiire;  Sop- 
fdetnentei  articles  Aethersulfbkohleiisattres  Sabse,  and  A]nylox7daulK>- 
kohl^iattQie. 

Groctp  a.  Sulphocarbonates.  * 

The  salt  No.  2  is  prepared  by  dissolving  bisulphide  oi  carbon  in  a 
solution  of  sulphide  of  ammonium.  ZH*,8  4*  ZIi*.S  4-  CS*.  The  acid 
jNo.  1  is  prepared  by  actin^^  upon  the  salt  No.  2  with  hydrochloric  acid; 

ZH%ZH\CS*,S«  4-  HC1,HC1  =  H,H,CS*,S"  +  ZH*a,ZH*a 

DOated  solotioos  of  theae  salts  when  exposed  to  the  air  are  rapidly  de* 
oompofied,  carbonates  bdng  formed  and  sulphur  precipitated: 

Concontmted  solutions,  when  mixed  with  strong  acids,  are  decomposed, 
(producing  the  acid  No.  i  : 

K,K,cs*s* + Ha,Ha  =  H,H,cs%s*  +  m,Ka 

Besides  the  salts  that  are  named  in  the  Table  firoro  Nos.  i  to  8,  similar 
compoundii  have  been  formed  with  Na^  Ba*,  Sx*,  CSa%  Li',  CrcP,  Uc*, 
Aixc^,  So*,  Snc*,  Qg",  I^cP.  Consequently,  the  basjlons  and  basylic 
atoms  are  acted  upon  by  CS^  equally. 

Usual  names,  i].  Hydrosulphocarbonic  acid.  Trisalphocarbonic 
add.  Hydrothiocarbonsaure.  2].  Hydrosulphocarbonate  of  amm  onia. 
KoMonsul6d-«mmoninm.  3].  Sulphocarbonate  of  potassium.  Kohlen- 
.sulfid- kalinm.  Kalixmi-ralfocarbonat  Hydrothiocarbonsaures  kali. 
The  rsnmcs  of  No.  3  may  serve  as  patterns  of  those  of  all  the  salts  which 
have  M.M  iL>  radicals.  I  shall  point  out  the  fbrmuUe  which  distinguish 
the  salts  that  contain  basylic  atoms. 

ConiBMii  Fommla.       TropmA  Fonottlc. 

Fenous  atoms  .  .  FeS  .  CS«  Fe  ,Fo  ,CS*  S«. 

Ferric  atoms    .  .  Fe"S».3CS«  Fec,Fcc  ,CS*,S«. 

Chromic  atoms  .  .  Cr'S».3C.S^  Crc  ,Crc  ,CSVS«. 

Auric  atoms    .  .  Au'S*.3CS*  Auc,Auc,CS^S' 

Mercurous  atoms  .  Hg^S .  CS'  Hg  ,Hg  ,CS%S' 

Mercuric  atoms  .  .  HgS  .  CS'  Hgc,I^,CS\S' 

Uric  atoms  .   .  .  U*S*  .  CS*  Uc  ,Uc  ,CS*,S« 

Stannous  atoms.  •  SnS  .  CS*  Sn  ,Sn  ,CS^S* 

Stannic  atoms  .  .  SnS'.aCS*  Snc  ,Snc  ,CS\S* 

Thore  is  here  a  strikiiig  roiitrast  between  the  regnlanty  of  the  ])ro]xjsed 
formnlfp,  and  the  irregnlarity  of  the  common  fonuuhp.  There  ean  be  no 
pretension  here,  anv  more  than  among  the  cyanides,  that  tiie  (lifV'  rence 
is  attributable  to  the  presence  of  protoxid< -s  and  |M  r> oxides,  aiul  liierefore 
tbe^e  examples  sliow  the  absurdity  of  the  commonly-received  atomic 
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weights,  unci  justify  tlie  adoption  of  basylic  as  well  as  basylous  atoms. 
•Soe  page  32. 

6J.  Sulphocarbooate  of  methyl.  Trisulpbocarbooate  of  methyl.  Snl- 
fbcarbonate  de  siilfure  de  methyle.  SchwefelkoUenatoff-Sebwefiel-For- 
niafer.  Kohleiwiilfid-methyl.  Methylic  sulphocarboDate.  7]*  Similar 
to  No.  6.  8J.  Sulphozantbate  of  potassium.  Trisnlphmretted  orlxm- 
nate  of  potash.  £thyl*tristiIphocRrboiiate  of  potash*  A  conjugated  add 
oonesponding  to  No.  8  is  described  in  the  books  -  H,CH*  CS^S^»  but 
no  sach  acid  » xistf?.  The  salt  Na  6  produces  a  gas,  the  measuie  of 
which  is  two  volumes.   See  page  60. 

Group  B.  Xanthates. 

a).  XanfJumieth/lafrs.  According  to  orcpanic  cliemists,  the  founJatinn 
of  this  group  of  salts  is  an  ncid  of  the  following  constitution  H.CfP, 
CS*0,  and  which  has  receivt-d  the  following  very  fine  names:  Holz- 
Xanthonsiiuro.  Holz-xanthogensiiure.  Methyl  -  schwefeikolilensiiure. 
Methyloxydsulibkohlensiiiu'e.  Methyl-xanthon^aure.  Acide  methyl- 
xantliique.  Acide  methyl-disulfocarbonique.  Acide  sulfocarl^onie- 
thylique.  XantUomethylic  acid.  JVIetbyl-disulphocarbonic  acid.  iSul- 
phocarbomethylic  add.  Methylxanthic  acid.  Unluckily,  this  many- 
named  add  does  not  exist  What  a  pity  it  is,  that  so  much  excellent 
nomenclature  should  be  wasted  I  The  salts  Nos.  xo  and  11  have  names 
that  correspond  in  euphony  and  explidtness  with  the  names  of  the  un- 
known ''acid."  No.  9]  has  some  spectal  names.  Methyl-xanthic 
ether.  Schwefelkohlenstoff-Formester.  Sulphocarbonate  of  methyl- 
oxide.  Disiilphocarbonate  of  methyl.  Kohlensulfid-methyloxyd.  Me- 
thjlHvysulfocarbonat   Gmelin^s  £>nnula  £>r  it  is  <7HK),CS*.  Ger- 

CH*0'  formula  is  C*H'0,CS*  -J- 

HO,CS«.  BerzeJius's  formula  is  C*]PO.CO»+ 2  (€*H^iS.CS«).  The  last 
formula  arninged  on  tite  | >hm  of  my  Table,  after  correcting  the  atoouc 
weights  of  C  and  O,  becomes 

(CH^cH^cs^s•] 

But  if  all  the  substances  here  represented  are  divided  by  3,  this  great 
formula  is  reduced  to  Na  9.  The  proof  that  it  ought  to  be  so  reduced 
lies  in  the  fiict,  that  the  salt  is  gaseous,  and  has  an  atomic  measure  of 
two  volumes,  which  is  the  bulk  of  two  atoms  of  dP,  the  xanth  and 
oxygen  measuring  nothing.    See  page  6o. 

6).  Xanthates,  The  salts  of  this  group,  Nos.  1 2  to  20,  differ  from 
those  of  the  preceding  group  merely  by  containing  ethyl  instead  of 
methyl.  Tlmy  constitnte  the  xanthates  proper,  and  were  discovered 
earlier,  and  are  better  known,  than  the  salts  in  groups  a),  c),  d)^  and  «). 
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Nomendatnre  : — 12].  Xanthic  acid.  Sulphocarbonic  acid.  Stilpliocar- 
bovinic  acid.  iSuIphocarbetheaic  acid.  AuthtTiichvvefelkuiiieusaure. 
Xautlioc^ensiure.  Xanthonsiitire.  Xaothinsiiure.  Hvdroxanthinsiiiire. 
Aetli}  loxyd-BisulfocarboTifit,  Saures  Aethyloxysull  ^ai  bonut,  Berzdius, 
Kolik'nschweielsaures  A»  LiiV  iox\ dlivdrat,  Liebiq.  Acide  ethyl-disulfo 
carl)oni(iuo,  Gerhardt.  FcrfiinUB:  'c*H''0*,2CS*,  Gmdin.  CS^OH^) 
-h  HO),  Gerhardt,  Cni\).CS«  4.  HO.CS%  Zeiae.  i  Cli'O.CO*  -f- 
HO.CXP)  4-  2(C*H»S.CS"  +  HS.CS*,  Berzelius. 

The  wiety  of  the  names  and  the  intricacy  of  the  formula  of  tlu»  acid  " 
sufficiently  indicate  the  diversity  of  opiniona  that  have  prevailed  among 
chemists  respecting  tlie  constitation  of  the  salts  to  which  it  belongs. 
Absolute  certainty  on  the  sabject  is  unattainable,  and  conjectoies  can  be 
multiplied  indeBnitdy.  If  xanth  was  certainly  an  acid  radical,  there 
would  Vh'  little  difficulty,  for  then  we  might  say  in  H,M,CS*0,  we  have 
clearly  a  bibasic  salt  But  I  do  not  believe  that  GS^  is  a  radical.  Its 
atomic  measure  of  twr>  s  ohimes  is  adverse  to  that  supposition.  Taking 
xanth  to  be  a  sulphide  =  CS*,S,  we  are  still  in  doubts  respecting  the 
composition  of  the  xanthates,  for  we  may  formolate  Ko.  la 

Tlio  accuracy  of  these  formula:^  aduiits  neither  of  proof  nor  disproof,  and 
th^'ivfore  I  have  rested,  at  present,  n|>r>n  tlip  formula  No.  12,  which 
serves,  at  any  rate,  to  form  a  ct^ntrai  jMjint  aruuiid  which  tiie  diftcrout 
varieties  of  xanthat(  s  can  be  grouped,  while  we  wait  for  more  exact  in- 
formation respecting  their  intimate  nature. 

13].  Kohlensulfid-Aethyloxyd,  jSciiWclolkohlenstofiaether.  Aethyl- 
oxysulfocarbonat,  Ether  xanthique.  Disulfoairbonate  d'ethyle.  Oxy- 
sulphocarbonate  of  ethyl.  Xanthic  ether.  Aethyloxydschwefelkohlen- 
stoir.  SchwtfelkobleDstoliVinester.  Xanthonsaures  Aetliyloxyd.  Ether 
sulibcarbonique. 

1 4].  Vinomethylic  Qxysnlphocarbonate.  Garbom^thylovinide  bisul- 
fiir^.  Zweiiach-geschwdeltes  Oarbomethylovinid.  DIsalfixarbonate 
d^t^thyle  et  de  m^thyle.  Vinomethylic  carbonate.  Xanthate  of  methyl. 
Xanthomethjlate  of  ethyl.  No.  14  is  a  gas,  having  an  atomic  measnre 
of  two  vdumes^   See  page  60. 

I  will  not  trouble  the  reader  with  the  synonjrmes  of  die  salts  Nos.  15 
to  30>  bat  in  regv^  to  the  names  of  the  entire  gronp,  I  wish  him  to 
observe  the  simplicity  and  perfect  regolaiity  in  the  composition  of  the 
salts  as  exhibited  by  the  formulse  from  Nos.  13  to  20»  and  then  to  com- 
pare these  qualities  with  the  strange  complexity  and  iiregolarity  of  the 
names  that  I  have  quoted  as  employed  by  emioeDt  chemists  to  designate 
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the  salts  Nos.  12,  13,  and  14.  Surely,  tliere  is  evidence  here  of  the 
want  of  a  principle  in  chemical  nomenclature  by  which  chemi&ts  might 
be  guided  in  forming  namee  for  the  salts  which  they  disoorer. 

The  potash  salt  No.  16,  is  formed  by  the  direct  action  of  sulphide  of 
carbon  upon  a  solntion  of  hydrate  of  potash  in  absolute  aloohnt  Tins 
reaction  agrees  extremely  well  with  the  formnla : 

K,C«H*0     +  CS*  =  K,C'H\CS*0. 
Potash  in  alcohol  +  xanth  =  santhate  of  |x>t«Ldh. 

c)  .  Xanthamylates.  As  the  salts  Nos.  21  to  27  diBer  from  the  pie> 
ceding  groops  only  by  the  replac^ent  of  CH*,  or  C*H*,  by  C*H",  it  is 
needless  to  go  into  details  respecting  them.  I  will  however  quotes 
single  set  of  names  and  formulae  for  three  examples,  as  given  by  a 
chemist  who  hiis  investigated  them,  (Johnson,  Quarterly  Jowrmd  of  tk$ 
Cheimcai  Society  (i852>  v.  142). 

^  -1  /C*     \  ^riatn       Sulphocsrbonate  methyl 
23]- \c«H"/ ^-         aid  amyl. 

/C"*H'».CS«0\         Sulphocarbonate    of  amyl 
VC*  FP  .CS«0/'  and  ethyl. 

25].  U*N.C'°H^',2CS*0.  Ainyloxantliate  of  ammonia. 

Here,  in  describing  three  equivalent  salts,  we  have  three  changes  in  for- 

mulse  and  two  change  in  nomenclature.    Why  ? 

d)  ,  Xanihopropylates  and  Xanthoc^lates.  28].  Propyloxanthate  cf 
jwtash,  Chancd,  29].  PotiLsh  s.ilt  of  Acide  cetyl-disulfocarboniqtie, 
/Jesains.  There  arc,  in  chemical  books,  descriptions  of  imaginary  con- 
jugated achh  corresjwndiug  tu  both  these  salts. 

e)  .  Sulphocarbamates.  N^os.  30  to  34.  The  fimdamentai  salt  of  this 
series  is  No.  3  r  =  ZH*,ZH*,CS*.  Gerhard t  calls  this  salt  the  sulpho 
carbamate  ot  ammonia,  and  gives  it  the  formula  C*H'(NH*)XS'. 
Kolbe's  name  and  formula  are  Sulfocarbamidsauies  Ammoiiiuru>uifur«ri 
NH'S.C(SNIP),CS*.  The  salt  is  ].rodiiced  from  the  ammonium  salt 
No.  2I  bv  the  abstraction  of  two  atoms  of  H8.  We  mav  also  cou?iu'-r 
the  series  30  to  34,  as  amidogen  salts  of  the  xantliic  series;  for  if  HHO 
was  added  to  eacli  salt,  we  should  have,  for  examj^le, 

No.  30  raised  to  H  .ZH*,C8*0. 
33      „  Pb,ZH\CS*0. 

We  have  indeed  no  knowledge  of  ammoniam  salts  that  are  constitirtGd 
in  agreement  with  these  formolte;  but  they  may  probably  be  found  if 
looked  fbr« 

C.  BiNOXTSaLPHOOARBONATES. 

Binoxysulphocarbonate  of  methyl.    Pen>uliure  metbylHiisuila 

carbonique 
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36].  liiiiowsulphocaiuonate  of  ethyl,  Desaitis,    Perduliurc  ethyi-di- 

37].  Binoxvsnlphocarbonate  of  amyl  »  C"H".2CS*0,  Johnson.  Pereol- 
tore  amyl-iUsulfocarbonique 


\ 

No.  36  b  produced  bv  the  action  of  lodiue  hihju  the  salt  No.  16. 
Thui>; 

K,CW,CS*0  +  I  =  KI  4-  C*H\CS^O. 

The  group  of  salts  C,  as  compared  with  those  of  Group  B,  present  the 

peculiarity,  tlmt  the  same  acid  radical  with  the  same  quantity  of  oxygen 
is  in  one  CAse  monol)asic,  and  in  the  other  hibasic.  I  have  jX)iDted  out 
several  fxnni])lrs  of  this  peculiarity^'  in  trontinp^  of  the  polvthionates ; 
where  I  iiave  shuwn  ti;at  this  ofipct,  though  apjiarent,  is  unreal.  See 
j)ag<' 173.  A  similar  interpretation  is  j»rnhablv  due  in  this  case:  so 
that  m^^thvloxantliato,  instead  ot"  l>oing  a  simple  gait,  ax*  represented  by 
fonnula  35,  may  be,  in  iact»  a  double  salt,  or  comjjuund  of  two  salts, 
wher.  of  one  may  be  oxidised,  and  tiie  otiier  nut  oxidised.  For  example, 

This  explanation  implies  the  existence  of  a  vice-radical  of  the  lurm 
CS',  namely,  one  that  h  equal  to  vinyl  CH',  but  having  the  hydrogen 
replaced  by  aalphar.  There  ia  no  argnment  to  orgc  against  the  pro- 
bal»lity  of  the  exiatenoe  of  auch  a  vioe^adioal,  but  I  can  adduce  no  &cta 
to  support  it.  In  the  meantinie,  I  represent  the  binozyaolphocarbooates 
aa  monobasic  xanthates. 

38].  Thia  ia  the  amidogen  salt  of  this  seriea,  derived  from  the  un- 
known ammonium  salt  ZH*,CS*0.  The  ordinary  names  of  this  amidogen 
aalt  are  Hydranzotbine,  Bihydnwulphuretted  sulphocyanogen,  Bisulphide 
of  sulphocarbammonium,  Doppelt-Schwefeiwasserstoii^cbwefelcyan,  all 
of  which  conceal  the  nature  of  the  substance  as  much  as  they  can. 

D.  0XYXANTHAT£8. 

39I.  Carbonate  of  aulpbethyl,  or  carbonate  of  etfaylic  sulphide 
B8  C'H'SfOO*,  OmeUn.    Sulphooffbonate  of  ethyle,  or  carbonate  of 

C'H'S'  ^^^^^y^^^^^  potassium 

=  C*I1*KS*,3CX)*,  (Jnielm.     Kohlcnsaures  Aethyl  -  Kaliumsulfuret, 
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gg,  Gerhardt, 

41]  and  42].    Similar  names  to  those  of  Nos.  39  and  40. 

The  IbmralA  in  the  Table  Koe.  39  to  42  apin^ar  to  be  justified  the 
following  reaction : 

Xantmc  ether  No.  13,  dissolved  in  aloohoU  and  nixed  wiih  an 
alcoholic  aolution  of  hydrate  of  potash,  produces  oacyianthate  of  potaah 
No«      and  mercaptan. 

T     CW,C*H*,CS*0|       (C?TP,C«H*,CS*0  )  . 
'^J  *  C«H*,CW,CS*oI       J    K,    K,C  0*/"4<>J- 

K,HO  f  "  1  H,C*H»,S« 

K.iiO   I        I  H,C*H,S' 

Nevertheless,  it  will  lie  observed,  that  the  formula  No.  40  is  divisible 
into  two  equal  parts,  thus : 

(?H»,CB*,CS^  \      J  K,CfW,CSW 
K,  K,C  <yf  IK,C»BP,CS»0« 

And,  secondly,  that  this  formula  agrees  equally  well  with  the  reaction 
just  described-    Thus : 

C*H^CH^CS*0  _  K.eH\CS*0* 
K,H  O  ~  H.CH*, 

In  the  formula  K,C*H»,CS«0«,  we  have  again  the  radical  CS"  to  which  I 
have  before  referred,  and  here  it  appears  to  act  as  a  bibasic  acid  radical 
with  two  atoms  of  oxygen.  Though  I  am  inclined  to  admit  the  com- 
pound €S'  to  be  a  radical,  yet  I  am  not  of  opinion  that  it  can  be  biliasic, 
and  therefore  I  adhere  to  the  formula}  quoted  in  tlie  Table,  which  rr^]ire- 
sent  each  salt  as  consisting  of  a  carbonate  combined  with  a  xauthate,  as 
beinjT  probable  though  complicated. 

Group  E.  Xavihamidhs.  Nos.  4:5  and  44.  If  we  sup]x»so  a  salt 
of  Gronp  D  to  contain  animoniuui,  and  that  salt  to  be  deprived  of  two 
atoms  oi  water,  we  should  have  Uie  residue  expressed  in  the  following 
equation : 

ZH* 


That  pr)rtlon  of  tli(?  compound  amidogeu  salt  which  is  represented  by 
Zii*,Zli*,CO  is  carbamide,  ol  I  have  treated  fully  at  ])ag*>s  221 » 

^^8,  and  359*  where  I  have  advanced  arguments  that  i  luiagine  wiil 
justify  the  formulce  which  I  ha\  e  now  given  U)  tlie  Xanthamides. 

UmaH  names,    43].  Xanthamide.    Xanthogeuamid.  CNH'SW 

=  CAdH'        .    =  Xd.  Gwdm.    =  C*H«S*,(?HNO* 
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^  3C*H«s«,cwNW  =  c*H»o,cwiro.cs* 

=  6H»0,C*Nm),OCP  +  C*H»S.C«NH*S,CS*, 

U^us  (Id  GmdiiCs  Handbook  of  Chmidry,  ix,  277).  »SulpbocarbamaU3 

of  ethjle.    Ur^thane  sulW  =  ^^<^^|}.  G«-Aanft. 

It  would  be  difficult  to  determine  what  particular  Tmantngfif  any,  the 
"Various  authors  attarhed  to  tliese  sinf^uliu-  {ji;iunps  of  symlwls. 

Preparati'in  <>f  Xitnthamide.  **  \  h\  ;ininioiiiacHl  j^as  is  passed  into  an 
alcoholic  solution  of  bioxysnlphoaubunate  ot'ethvl"  .No.  :^61,  "  wher<>- 
tij>on  the  liquid  becomes  hot,  and  yields  a  ])n  i  ipitate  of  sulphur.  As 
soi)U  as  this  precipitation  is  at  an  end,  tlie  j»as.sage  of  the  gas  is  inter- 
rupted, the  liquid  filtered,  and  the  filtrate  evaporat4:*d  to  dryness  in 
vacuo.  The  residue  effloresces  almost  completely,  fonning  small  aggre- 
gated crystals  of  xanthate  of  ammonta"  [No.  13]  saturated  wiUi  aa 
oily  liquid  which  is  zanthamide,''  Gmdm. 

C*H*,CS*0      Zn\m       \Z  H*,C*H*,CS*0   =  No.  15. 

cmcs*o  +  zh«,hI  =  a:'ii*,c*H*,cs*oi 
c*^^cs^Q    zh*,hJ     [z  h*.     cn  o/  "  43- 

No.  36.  Ammonia. 

NHVCOVS) 

44]«  Solpbocarbamate  of  amyle  =      o*«H"Si  *  ^^^'^* 

thamvlamido  =  €'*li'^^iO*S*,  Johnson.  Obtained  bv  the  action  of  am- 
monia  on  tiie  salt  No.  37.  The  explanation  is  the  sauie  as  that  just 
giveo  of  the  process  lor  preparing  No.  43. 


The  only  thing  that  prevents  the  formation  of  simple  and  exact 
Ibnnulaf  for  the  di£&reDt  orders  of  xanthates,  is  the  want  of  a  precise 
knowledge  of  the  proximate  constitution  of  the  sulphide  of  carbon. 
Until  that  knowledge  is  obtained,  all  possible  fbrmulse  for  its  salts  must 
be  subject  to  uncertainty.  Yet  the  salts  are  so  simple,  so  regular,  and 
so  evidently  related  to  one  another  in  groups,  tliat  there  is  no  ezcose  ibr 
the  wild  extravagance  of  the  names  by  which  they  all  are  commonly 
desjignatcd.  In  the  constniction  of  these  names  there  has  been  a  total 
disregard,  not  only  of  scientific  order  but  of  common  intelligence,  in 
only  one  particular  can  they  be  considered  to  l^e  successful,  which  is,  in 
eflectuallv  concealincr  the  information  which  thev  |)rofe«s  to  carry.  It 
would  Ije  scarcely  possible  to  pick  out  fmni  among  tiM'in  a  single  name 
alter  which  an  impartial  student  of  cliemistry  could  luidertake  to  write 
a  formula  of  the  stilt  to  which  it  refers.  That  result  mft  r>  the  arrival 
fit  a  deeree  of  ]-)erfection  in  the  art  <»f  concealin<[r  knowledge  which  I 
rt^ckon  to  be  the  /le  plus  extra  of  non- scientific  nomeuciature. 
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The  Conjugated  Sulpho-Acids. 

• 

Under  the  head  of  CoDjugated  SulphoAcids,  I  propose  to  me  some 
aoooimt  of  the  salts  that  are  prodnoed  by  the  action  of  sulphnric  acid 
upon  compound  organic  radicals.  Many  of  these  salts  have  alreadr 
passed  incidentally  under  our  notice  in  the  review  of  other  groups  of 
salts;  hat  it  is  still  necessary  to  give  them  a  formal  and  systematic 
examination,  partly  that  I  may  place  the  subject  belbre  the  reader  in  a 
complete  state*  and  partly  that  I  may  be  able  to  supply  corrections 
which  recent  discoveries  have  rendered  it  necessary  to  make  in  preceding 
statements. 

I  proix)se,  now,  when  interpreting  the  proximate  constitution  of  the 
ronjiiL^tcd  sn1plio-acids»  to  avail  mysolf  of  the  fact  wliich  I  first  pointKl 
out  at  i);i«;e  376,  luimely,  that  wlieii  a  radical  which,  viiuler  ordinar\'  cir- 
cumstances, acts  the  part  of  an  Aciu  radical^  goes  inu>  a  salt  in  the  cha- 
racter of  a  Basic  rtn/faK  it  carries  with  it  an  additional  tjuantitv  of 
0.v/jf/"fi.  I  have  said  al  j>age  376,  that  it  takes  vvitli  it  one  (hhiih-mal 
atom  of  oxygen  ;  but  I  must  correct  that  expression.  When  the  radical 
belongs  to  tlie  vinyl  series,  or  to  any  series  which  produces  normal  salts 
with  O*,  then  the  transferable  quantity  of  oxygen  is  indeed  0' ;  but  when 
the  radical  belongs  to  those  which  produce  normal  salts  with  0^,  then 
the  translemble  quantity  of  oxygen  is  O*,  Hence  it  is,  that  the  com- 
position of  the  nitric  add  anhydride  is  N,NO*,  that  of  the  ]^hosphoric 
acid  anhydride  P,PO*,  and  that  of  the  tartaric  acid  anhydride 
CTPO*. 

I  regret  to  have  to  repeat  here,  what  I  have  stated  at  page  377,  that 
I  cannot  point  out  which  are  the  radicals  that  act  as  transporters  of 
oxygen  into  salts,  and  which  do  not  so  act  I  am  unable  to  draw  a  clear 
line  of  distinction  between  them.  Generally  speaking,  all  the  acid 
radicals  of  the  vinyl  scries,  and  many  of  thc^e  which  beloni^  in  tlie  series 
wCH"  —  H",  take  up  ()'  additional  when  they  act  as  basic  nuiicals.  Oii 
the  other  hand,  phenvl  ;'!id  most  of  the  radicals  of  tlie  series  /tCH*— H*, 
act  as  basic  radicals  wjthuut  takinjj;  up  additional  oxvcrcn.  A  few 
radicfils  of  fr*'<]uent  occurrence,  such  ;ls  benzyl,  sometimes  take  up  addi- 
tional oxygen,  and  sometimes,  in  circumstancw?  apparcntlv  similar,  dis- 
pense witli  it  These  anomalies  may  hen  afti-r  disappear.  In  the  niean- 
time,  the  main  fact,  that  certain  acid  radicals  Like  up  O'  or  O*  extra, 
when  they  pass  into  salts  to  act  as  basic  radicals,  is  so  certain,  and  leads 
to  such  remarkable  ducidations  of  difficult  theoretical  points^  that  the 
nature  and  extent  of  the  action  demand  a  thorough  investigation. 
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BlStTLPHATES  OP  BaSIC  RADICALS. 

Group  A.  Bisidphates  with  Eadicak  of  Ute  Viiiyl  Series, 

tC  so*) 

1. 1  y  i50*|  ^^^^-^y^^  sulphete  cstm  hydia  snlphete. 

2.  I^ji  '^o*|  ^^^^^^"^'^^  sulphete  cum  hydra  sulphete. 

3«  CHSSO^  4.  Fb  ,SO   fitfayla  sulphete  cum  plamba  sulphete. 

(C■H^SO'+  H^SO*)  Ethyk  sulphete  cum  hydra  sulphete  plii& 
^  \Cm*,SO^  +  Pb  ,30*1     ethyla  sulphete  cum  plumba  sulphete. 

l(?H',SO'  +  Pb,SO*l  Ethylasulpbetecumplumbasulpheteplus 
^'  ICTP.SO*  +  Py,SCP  f     ethyla  sulphete  cum  plnmbiue  sulphitet 

(OW  SO*) 

tC*H*  SO*) 
^       V  Butyla  sulphete  cum  potassa  sulphete. 

^'  I^H  SC^I  Amyla  sulphete  cum  hydra  sulphete. 
9.  <       'sO*f  ^^^>'^  sulphete  cum  hydia  sulphete. 
^         Cetyla  sulphete  cum  hydra  sulphete. 

Group  B.  Bisidphates  with  liadicald  not  of  the  Vini/l  Series, 

{C*  H*   JSC)* ) 
H  'sO*f  sulphete  cum  hydra  sulphete. 

iC  H*  SO") 
C  H*  SO*  I  sulphete  cuni  niethyla  sulphete. 

iC*  H*   SO* ) 
dPEa^SCl  ^^^''^^  sulphete  cum  baiytic-mctliyla  sulphete. 

14.  ^    H  'SC/I  -^^^^'^  sulphete  cum  hydra  sulphete. 

Ba  SO*/  sulphete  cum  baryta  sulphete. 

BiSITLPHATES  OF  ACID  RaDICALB. 

Group  A.  BisuljjJudea  containing  EadkaU  of  t/ie  Vini^l  Seiies^ 

i6. 1  c  h"         }  ^^y^  acetylet©  bia  hydra  snlphete. 

iC*       SO*  I 
H  SOU  sulphite  cum  hydra  sulphete. 


2  I 

Digitized  by  (^Ogle 


482  THBORY  OF  1>0LYBA5I0  AND  OONJUOATBO  ACm 

1 8. ^        BarjrtiMioetyla  solphiie  com  baryta  sulphete. 

|(^  '^80^[  Hydra  aoetylete  bis  baiyta  fiulphete. 
'^'{  HBa*    S^l  ^^^y^  sulphite  com  hydra  boiyten  snlpfaite. 

I ^^*S?[  Argeiitt<>«oetyla  sulphite  com  argenta  salphete. 

^3'  jzH^*^^  '  SO* I  ^'^^^'^y^^  sulphite  com  ammona  suiphete. 
24. 1      ^    '     I  Barytic-botyiyla  sulphite  com  baryta  sulphate. 
25. ^^3^^  sulphite  cum  hydra  sulpbete. 

Ofxmp  B.  Binilphatef  ooniamnff  Benzi/L 
26. 1  SO*}  ^^'^^^^  sulphite  cum  hydra  sulphete. 

Ba  ^^^7^  sulphite  cum  baxyte  sulphete. 

26. 1  ^^'^  Barytic-bensyla  sulphite  cum  baiyte  sdpbete. 

I 's^l  ^^y'^  sulphite  cum  aigenta  sulphete. 
30. '^^1  Axgeutio-benayla  sulphite  cum  aigente  sripbete. 
CH'       SO*  1  sulphite  com  ethyla  sulphete. 

iQ7{J»  so*) 
ZH*  CH^  -  SO'  I  solphite  com  ethylam  solphete. 

3  3 .  j  (^ppj^i^    \c;o*  I  sulphite  cum  natric-etfayla  sulphete. 

C*H*I3ii     isO*|  sulphite  com  baiytk>€thyla  sulphete. 

Cfmqt  C,  BMphtikf  eniMw^  Anuj/l^  CumamyU  or  Spu-i^» 
'  { (U    I ^^^* I         aolsylite  bis  hydiE  sulphete. 
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(lAa   '  ,^(  )*)t|  Hydra  aniaylite  bis  baryta  sxilpliete. 
( Pb  *  SO*y  j  ^^y^^  aoisylite  bis  plnmbtt  sulphete. 

38. 1 *     SO"}  -^^y^^  sulphote  cum  hydra  sulphete. 

SO*j  ^0^^^'*"^^^)^^  sulphote  cum  baryta  sulphete. 
4^  {pb^^  SO*}  ^^'*"*^^^^^y^  sulphote  cum  piumba  sulphete. 

H       *  S(^f  CSnnamyla  sulphite  cam  hydra  sulphete. 
42. ^*         Aigeatic-cmnamyla  sulphite  cum  argeota  solphete. 

H       '  S^f  ^P^^  sulphote  cum  hydra  sulphete. 

Double  Hyfosolphatbs. 
Omtp  A.  HyposulphaUi  coniaining  Eadkiok  (if  the  Vw^  Serin. 

IS"- 

-  ICH'Ag 

47*  jzH*'^^  '  S*^[  Methylam  sulphenite  cum  ammoua  sulphenite. 
H  's*0*[  ^-t-^*}  !^  sulphenite  cum  hydra  sulphenite. 

fia  SH^i  ^^y^^^y^  sulphenite  cum  baryta  sulphenite. 

'yS'O'l  ^^y^^  sulpli^uite  cum  ammona  sulphenite. 
|h^'       's^[  ^fopy^  sulphemte  cum  hydra  sulphenite. 
52*  *8^f  Bary tio-propyla  sulphenite  cum  baryta  sulphenite. 

GeoupB.  Hyposulphates  amUtining  FhenyL 

{CEP  $*0*) 
H  "  ^^^y^  sulphemte  cum  hydra  sulphenite 


Methyla  snlpheuite  cum  hydia  sulphenite. 

>  Barytic-metfayla  sulphenite  com  baryta  sulpheoite. 

S''(])^  I  Argon ti< -methyla  sulphenite  cum  argenta  sul- 
,  8*0^  (  phenite. 


2i2 
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Ba        's'O'  I  ^^'^<^~P^>'^  sulpheiiite  cum  baryta  sttlphemte. 

Gbodp  C  HypogdphaU*  containing  Naph^ 
H         ^S*0*f  ^^P^^y^  suiphenitc  cum  hydra  sulpbenite. 
I  Ba        *SKy*  I       ^'^'^P^^y^  sulpheoitc  cum  baryta  sulpbe&ite. 

Group  D.  HyposdphailM  oonUiining  AnisaL  {Tdmnylf) 

I  (fB?   «S  O*  +  Ba,S0"1  Tolaeoyla  sulpbete  cam  hydra  solpheee 
^7*  \  H      ,S  O*  +  Ba,SO^f    bis  baryta  sctlphete. 
-  j(7H*Ba,S*0*l  Barytic-toluenyla  sulpbenote         baryta  sol- 
,SWf  phenite. 

H       8*0*1  '^^^^^'^y^  sulplieuote  cum  hydra  saipheoite. 


jZAg,C-H* 

,    (  ZH,C«H» 

^  J  ZII,C^H^ 
^+•1  ZBa" 


^mup  £.  AnUdogen  Hgpostdphates, 

S*0*l  ^^^'^y^  suipheuite  cum  hydra  sulph^oite. 

Barytic-phenjlac  salpheDite  cum  baiyta  ral- 
S«0»f  phenite. 

SK>^|^  Argentic  phenylac  snlphemte  cam  aigeotasoU 
S*(y\  phenite. 


g«Q3| 

gsQs  >  PheDjlac  solphenite  cum  amida  sdpbeuite. 
•0*1 

<Qs[  Pheoylac  solphenite  cum  barytec  soipbenite. 


68 

69 

10 

V 

72 

75 
74 


Sulphites. 

Group  A.  Sulphites  containing  R<Kiie<ds  of  the  Vint/l  Series, 

CH*  ;  S^O*  Ih  dia  methyla  suiphenitc. 
C      ;  S*0*  limta  niothyla  sulphenite. 
O  H*  ;  8*0*  Argen^  moth  via  solphenite, 
C  H*  ;  8W  Pluml.;!  methyla  sulphenito. 
J  Ph' ;  C  H'  ;  S*0*  Piumbine  methvla  snlplu  note 
(  =0H^S04-Pb^S0'  Methyla  sulphate  cum  piumbine  sulphite, 
C  IP  -:  S*0^  Potassa  methvla  snl])lH-nite. 

S*(Vi  i^utassa  metliyla  suipbeiute  cum  hydra  me- 
8*0")      thyla  sttl phenite. 
S*0'  Hydr.i  othyla  &ul|)heMite. 
SW  Ethyla  (  thyla  sulpheiiite. 
S*0"  l^utajkja  ethyla  sulphcuite. 


{ 


H 

Ba 

Ag 

Pb 


K 
K 
H 
H 

K 


CIP 
CIP 

CTP 
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75.  Ag;  C*H*  ;  S"0*  Arc^pnta  othvla  sulphenite. 

76.  Ba;  CW  ;  lUvvti  ethvfa  sulphenite. 

77.  H  ;  C*H'» ;  Hvdra  arnyla  8iil|)h<'nitv. 

78.  Ba;  C*H";  S*CP  Baryta  amyla  sulpiitiiite. 


Group  a  8ulphit98  ofOe  SaeOoala  nCH*— and  nCH'— H*'. 


79- 
80. 

81. 

82. 

83. 
84. 

85. 

86. 

87. 
88. 

89. 


H 
Cue 
H 
Ba 
Ba 
H 
H 
K 

Ag 
H 

Ba 


C**  H*  ;  S'O*  Hvdra  plu^nvla  siilplienito. 

H*  :  S»0«  Cupric  i)honyia  sulph-nitc. 

fS*0*  Hvdra  toliienvla  sul[>h«'nito. 

S'O'  BarvUi  toliionvla  sulphcnite. 

S*C)^  Baryta  xyli-nvla  .sul|)[K'nite. 

S'O*  Hydra  cuineiiyla  sulplienite. 

S*0*  Hydra  na|)lityla  sulphenite. 

S*0*  Potassii  naphtyla  siilphcnite. 

S'O*  Argenta  naphtyla  siilphenite. 

C'»H'»;  S«0»  Hydra  thymyla  8uli)henite. 

Ciojjia.gtQ*  Baryta  thymyla  sulphenite. 


aw 

C«H» 


Chm^C,  StdphiUi  oontaimnff  Chhrie  Vhe-radicaU, 


H 
H 
H 

K 

94-  Ag 

95.  Ba 

96.  H 

97.  H 


90. 
91. 

92. 

93 


C  H'Cl 
C  HCl* 
C  Cl» 
C  H*Cl 
C  HCl* 
C  CIV 
C'»H*C1»: 


S*0*  Hydra  cliloric-im'thvla  sulphenite. 

8*0*  Hydra  clilurt'iiic-niethyla  sulphenite. 

S*0^  Hvdra  chlorinic-metiivla  sulphenit«\ 

S'O*  Potass;i  chloric-mcthyla  sulj)henito. 

S'O^  Argeuta  clilorenic-inethyla  sulphenite. 

S*0*  Baryta  chlorinic-methyla  sulphenite. 

S*0*  Hydra  chlorinic-oaphtyla  sulphenite. 


G'*H*Bc';  S*0^  Hydra  bromenio-naphty la  sulpheaite. 
Oroup  D.  Atmdoffm  Sulphites^ 

98.  l^o'^gQil  Amida  sulphate  cum  hydra  suiphete. 

iZH*  SO  1 
CH*'s(y )  Ao^da  sulphate  cum  methyla  solphete. 

loa  1^"'^  u\lo'\ ^^y^  '^l^- 


101. 


bI  ;  so*!  ^^y^  -ulphrte-cnm  buyte  ■olpbete. 
loa.         ^ '      j.  Phenylac  sulphate  com  aigento  solphete. 

K  '  SO"/  "^^^^7^  sulphate  com  potassa  solphete. 
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105.  g  J        Ivapbtylac  sulphate  cum  hydra  sulphete. 

M  LTH  YLODITHION  AT£S. 

106.  Zn ;  G  H* ;  (SO)'  Zinca  methyla  bisulphate. 

107.  Bb ;  C  IP ;  (SOr  Baryta  methyla  bisulphate. 

108.  Mg ;  0  H* ;  (SO r  Magna  methyla  bisulphate. 

109.  Ca;CH»;(SOV  Galea  methyla  bisulphate. 
__  Hydra  methyla  bifiulphate. 

i^Iethyk  sulphate  cum  hydra  sulphate. 


f   H  ;  C  H» ;  (S( 

no  J  jcmsol 


Ethylotrithionates. 


III.  Zn;CH» 
iia.  Ba;CrH* 

113.  Ag;C7H* 

114.  Cue ;  CnV 

115.  Ka;0'H* 

1 1 6.  (?H»:C«IP 


117 


f   H  ;C*H^ 


(SO)*  Zinca  ethyla  txisulphate. 

(SO)'  Baryta  ethy la  trisulphate. 

(SO)^  Argenta  ethyla  trisulphate. 

(SOy  Cupric  ethyla  trisulphate. 

(SO)'  Natra  ethyla  trisulphate. 

(SO)'  Ethyla  ethyla  trisulphate. 

(SO)*  Hydia  ethyla  trisulphate. 

'  Ethyla  sulphate  com  hjdn  aolphenete. 


LfYESTIGATlON  OF  BlSULPHATES  OF  BaSIC  liADlCAUS. 


Aooording  to  many  chemists,  Ae  salte  of  this  section,  Groups  A  aod 
B,  Nos.  I  to  X  5,  aie  oonjngated  SDlpbates,  a  class  of  salts  in  which  the 
oiganic  radicals  are  supposed  to  be  combined  with  the  sulphur  wd, 
oxygen  into  monobasic  conjugated  acids.  I  liave  examined  that  theoiy 
in  the  Article  which  commences  at  page  399,  and  shown  that  it  is  not 
tenable,  and  that  these  salts  ought  to  be  desoribedy  as  I  haw  dttocrihtd 
them  in  this  Table,  as  double  sulphates. 

Each  salt  in  thosv  two  groups  has  four  atoms  of  oxygen.  In  Group  A, 
the  organic  radicals  are  all  such  as  Wong  to  the  vinyl  basic  series.  In 
Group  B,  they  are  such  as  belong  to  other  series,  Init  none  of  them  have 
ansunied  the  extra  atom  of  oxygen  which  distingoisiies  certain  acid 
radicals  wlien  tliey  act  ;is  basic  radicals. 

(^sfial  Names  of  tliese  BisulphaUs  of  Basic  Radicals. — GiiouP  A,  1]. 
Sulphomethylic  acid.  The  atom  of  basic  hydrogen  is  rei)laceal»le  by 
any  other  basic  radical.  2].  Etliylosulphuric  acid,  or  sulphnviDit 
acid.  The  basic  hydrogen,  H*,  is  replaceabli'  by  any  other  basic  radical, 
and  produces  a  great  variety  of  double  sulphates.  3].  An  example  ot 
a  n<mnal  salphovinate,  which  is  commonly  said  to  be  i/confJxi^ic.  4].  A 
biadd  solphovinate.  5],  A  Inbasic  sulphovinate.  In  this  case  one  of 
the  four  sulphates  contained  in  the  ailt  has  0%  in  consequence  of 
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the  presence  of  two  extia  basic  fadicalst  ibe  analytical  formala  being 
Fb^SO  +  Pb,PbO.  Salts  a]ulvalent  to  Ko.  3,  are  produced  hj  ex- 
cbanging  Pb  for  ZH^  Na»  E,  Ba,  L,  Sr,  (X  Mg*  Mn,  Zn,  &c 

61.  The  baryttc  salt  of  trityl-sulphuric  acid     (?&Bal^,  GerhardL 
7J.  Snlphobutylate  of  potash.    8].  Sulphamylic  acid.    9J.  Octyknl- 
paaiic  acid.    10].  Cet)'l-sulph!iric  acid.   All  these  acids  exchange 
for  any  other  basic  radical. 

Geoup  B. — III.  Sulphophenic  add.  The  is  replaceable  by  a 
basic  radical.  12]  and  13]  seem  to  me  to  be  salts  of  precisely  the  same 
character  as  No.  1 1,  tlu'  livdrogon  in  that  salt  bi-inp^  replaced  by  CH*  to 
produce  12,  and  by  Cli^Bo,  tii  produce  13.  Gerliardt,  however,  con- 
siders No.  1 2  to  be  ;^  con  jugated  acid.''  He  calls  it  Metbyl-sulphu- 
phenic  acid,  and  gives  it  this  formula — 

The  single  atom  of  hydrogen  represented  in  this  formula  he  represents 
•  to  be  replaceable  by  barium,  and  so  accounts  for  the  production  of  the 
salt  No.  X  In  this  theory,  Gerhardt  assumes  that  the  radical  methyl 
replaces  one  atom  of  hydrogen  in  the  radical  phenyl  Most  of  the 
modem  French  chemists,  following  Gerhardt,  frequently  resort  to  this 
practice  of  representing  the  hydrogen  of  hydro-carbons  as  replaceable  by 
other  complete  hydro-carbons,  atom  for  atom.  To  me,  this  practice  ap- 
pears to  be  highly  pernicious,  and  one  that,  if  carried  out,  would 
destroy  the  power  of  identifying  radicals.  But  it  is  as  unnecessary  as 
it  is  dRnprerous.  In  the  present  instance,  it  is  doiK  merely  to  accommo- 
date the  formula  to  the  V)arvtic  radical  in  No.  13,  but  surely  it  is  better 
to  adopt  the  tlieory  of  "  nu'tallic  vice-radinds^^  P^ge  137,  whicli  cannot 
possibly  produce  the  muddle  that  must  n i  cessarily  ensue  from  admit- 
ting^ the  notion  that  iiydro-c;irlx)ns  can  replace  hydrogen  in  other  hydro- 
GiiboDS,  and  produce  compound  intermediate  hydrocarbons.  According 
to  Gerhardt,  the  organic  radical  which  is  present  in  mediyl-sulphophenic 
acid  is  a  hydro-carbon  s  OW,  This  agrees  in  composition  with 
loloeny],  or  with  the  radical  i^ich  is  comaSanly  assumed  to  be  present 
in  anisole,  and  in  fibct  Gerhardt  calk  the  acid,  not  only  methyl-sulpfao- 
phenic  add,  but  also  sulphanisolic  acid.  The  question  natnndly  arises, 
what  radical  is  actually  present  in  the  ladt?  Is  it  anisol,  or  tolnenyl,  or 
methyl  pim  phenyl,  or  any  other  combination  of  radicals  which  can 
together  amount  to  (^Wl  Why,  without  the  slightest  necessity, 
should  we  adopt  a  practice  which  evidently  opens  a  door  to  such  inter- 
minable confusion  ? 

14].  Thymylsulphnric  acid,  or  snlphothrmic  acid.    15].  The  baryta 
salt  of  that "  conjugated  acid." 
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InVESTIQATION  of  BlSULPHAXlilS  OF  ACLD  RADICALS, 

Examples  Nos.  i6  to  4a. 

These  salts  are  eitlier  double  sulphates  or  triple  salts.  The  hydro- 
carbon that  is  preseut  in  each  of  them,  is  an  acid  radical.  Consequeiitlj, 
there  is  in  each  salt  an  addidon  to  that  quantitjr  of  oxygen,  which  is 
required  to  complete  a  normal  sulphate,  when  its  hydrocarbon  is  basic. 

I  will  introduce  the  explanation  of  tliese  salts  by  an  account  of  some 
recent  researches  by  MM.  Buckton  and  Hofmann  {Prooeedmgs  ^ 
Royal  Society,  vii.  544,  and  Ttii.  158;  also  Quartii^  Jaurmdl  cf  the 
Chemical  Society,    1856,  ix.  241). 

When  acetamide  is  acted  upon  by  fuming  oil  of  vitriol^  the  resolts 
are  such  as  may  be  represented  as  follows : — 


(H  ,i50'/ 


nzH*,so»  1  ^ 

IZH*.S0^ 

H  ,S  0«  ) 

CH%S*0»  \ 


Two  atoms  of  acetamide  and  eight  atoms  of  sulphuric  acid  produce  in 
the  main  (for  the  products  vaty  according  to  the  manner  of  conducting 
the  process)  as  follows : 

a.  Two  atoms  of  sulphate  of  ammonia.   These  carry^  oif  the 
nitrogen. 

ft.  A  combination  of  one  atom  of  hydrated  acetic  acid  with  two 

atoms  of  hydrated  sulphuric  acid  s  Ka  16I 
c.  A  double  or  acid  hyposulphate  of  methyl  «  Na  44* 
tf.  An  atom  of  cariaonic  add,  mt  frte. 

The  melhods  of  separating  the  three  salte^  a,  c,  are  described  faf 
MM.  Budcfam  and  Holiiwnn,  but  need  not  be  repeated  herCi  ^ 
operating  upon  other  amids  in  this  manner,  similar  results  wefe  ob- 
tained.  Each  decomposition  aflbiding  a  salt  belonging  to  the  Bisul- 

phatcs  of  Acid  Radicals  in  company  with  another  salt  belonging  to  tlie 
Double  Hyposnlphates  with  basic  radicals.  The  production  of  the  ash 
e  depends,  of  course,  upon  the  reduction  of  the  acid  radical  to  tiie  cor- 
responding basic  radical  by  the  expulsion  of  C  Thiat  is  efl«cted  l>y 
using  a  sufficient  excess  of  at  i<I,  and  a  suitable  high  temjxrature :  CO* 
then  flies  off,  and  the  nascent  basic  radical  combines  with  the  sulphuric 
acid. 

Guoup  A.  JJisulphatcs  of'  Hadicah  of  the  Vinyl  ikries,  Nos.  16 
to  25. 
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1 6].  +  a(H,SO^ 

This  triple  acid  cao  (jl)t;iined  in  the  state  of  dehydrated  crystals  that 
have  the  competition  representcnl  by  tlie  furiiiula.  Tfie  mual  crystals 
contain  ^  aq.  in  addition  to  what  is  represeiited  in  tlie  tornjuhi.  This 
compound  is  tlie  sulphacetic  acid  of  organic  chemists:  Mflsen's  foiuiula 
foT  it  is  C\H^S0«)(>',S0'2H0  +  2Aq.  By  an  abstraction  of  HHO, 
the  compound  No.  i6  is  reduced  to  No.  17. 

I7j.  CH^SO*  4.  li,SOV 

Miller's  formula  for  sulphacetic  acid  is  aHO,C*H*S*0',  and  Hofmanii'a 
formula  is  C^H^SK)**,  both  of  which  represent  it  as  a  bi basic  conjugated 
acid.  I  have  not,  however,  met  with  any  analysis  of  an  acid  of  this 
oompoeition,  altboiigh  the  form  agrees  with  that  of  many  of  the  Dormal 
aalts. 

18J.  C?H*Ba,SO'  +  Bft,SO». 

The  salphacetate  of  haiytes.  Hofmann's  fbnnula  »  C*(HW)SK)'*« 
Gmeltn's  formula  =  C*H*BaK)',2S0'.  Miller^s  fonnola  »  jBaO, 
CH'S^.  These  formnhB  all  intimate  the  presence  of  a  bibasic  conju- 
gated add. 

Now,  let  OS  examine  this  point*  whether  the  evidence  is  sufficient  to 
prove  the  existence  in  these  i^ts  of  an  add  radical  which  is  conjogated 
of  acetyl  and  solphur. 

Suppose  the  acid  Xo.  16  to  Ije  deprived  of  an  atom  of  HHO.  The 
residues  would  be  CH%H,S,B,0^,  and  the  question  to  be  solved  i8» 
in  what  order  do  these  atoms  combine  with  one  another  to  form  a  com* 
pound  salt? 

,  H,C*H»SO*  C*H^8U'« 

IS  It  so:  ^      gQ,;or8o.  jj^j^gif 

Aooofding  to  the  first  supposition,  we  have  a  double  salt,  containing  a 
Bulphic  Ttce-mdical,  such  as  I  have  described  at  page  1 36,  which  radical, 
in  this  case,  is  sulphacetyl  =  CWS,  where  H*  is  replaced  by  S',  sub- 
ject to  the  addition  of  to  the  oxygen  of  every  salt  into  which  the 
oonjugiUed  radical  enters.  This  6up])ositton,  as  I  have  shown  at  page 
1 37,  agrees  with  the  composition  of  the  salts ;  and  according  to  it,  tibe 
salt.  No.  iS],  dted  above,  would  be  represented  by  the  formula : 

But  this  supposition  leaves  out  of  consideration  the  important  fact,  to 
which  I  have  adverted  in  the  beginning  of  this  St'Ction,  namely,  that  an 
acid  radical  Ciiii  act  the  part  of  a  basic  radical,  provided  nr?  addition 
of  oxygen  is  made  to  its'salts.  On  that  principle  the  ibrmuia  No.  17 
is  founded;  fur  in  the  salt,  which  that  formula  repn'-cnts,  we  have  a 
sulphate  with  acetyl  for  its  basic  radical,  and  consequuitly  with  0*  as 
its  qoantiim  of  oxygen. 
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The  objection  that  applicB  to  this  fonnula  is,  that  sulphacetic  add 
(like  all  the  adds  of  this  category)  is  6i6astc,  while  the  double  add, 
represented  by  formula  i^,  contains  but  one  atom  of  basic  hydrogen.  To 
meet  that  objection,  another  fact  conies  into  'p^^  namely,  the  fact  that 

hydrocarbons,  when  acting  as  basic  radicals,  can  exchange  an  atom  of 
hydrogen  for  a  metal,  and  produce  a  metallic  vice-radical.  I  have 
proved  this  to  be  the  case  in  so  many  instances^  that  I  do  not  hesitate 
to  cite  it  as  a  fact  that  is  inrDiitestalile. 

These  considerations  drive  tiie  ai'gument  into  a  comer.  We  have  to 
dioose  between  these  two  prol>abilities :  does  acetyl  in  tlie  siil[)hacv;tates 
exist  as  an  acid  ladiuU  m  ci  nnbiiiation  with  sul  i^liur  —  C*H*S,  or  as  a  liasic 
radical  in  combination  Wiili  a  metal  =  CH*M?  I  am  decidetUy  in 
&vour  of  the  latter  opinion,  and  I  do  not  now,  as  I  ooce  did,  consider 
the  ezistiog  evidence  to  be  in  favour  of  the  occurrence  of  solphic  ndioalB» 
When  I  wrote  the  Artkje  on  aulphic  ladtcala  at  |>agc  136,  and  thoae  m 
the  sulphur  salts  of  indigo  between  pages  269  and  274, 1  was  hvimt^ 
able  to  the  tfaeoiy  of  sulphic  radicals;  but  the  ficts  developed  during 
the  investigation  into  the  polyatomic  alcohols  respecting  the  power  of 
add  radicals  to  act  as  basic  radicals  under  certain  conditions  of  soroxida- 
tion,  together  with  the  ever-increasing  proof  of  tlie  existence  of  baaie 
hydrocarbons  containing  metals  by  substitution  for  hydrogen,  have  com- 
pletely changed  my  opinion;  and  I  now  consider  that  the  evidence 
which  tends  to  prove  the  existence  of  snlphir  radicals  is  outweighed 
by  tliat  which  tends  to  ]>rove  the  cc*ntnirv,  and  consoi^nently  that 
we  have  no  right  to  assume  that  such  things  as  cnnjii':r;it»Hl  sulplio^acids 
exist.  I  shall  show  tljat  all  the  salts  that  are  rnll«  c  t<  <i  under  this  head 
are  subject  to  an  interpretation  which  is  independent  of  the  theoiy  of 
conjugated  acids. 

I  conclude,  therefore,  that  the  salt  Ko.  18  is  properly  represented  as 
a  double  sulphate,  one  of  the  salts  being  in  its  normal  state,  and  the 
other  containing  baiytio«oet}'l,  and,  therefore,  an  additional  atom 
OKjgen. 

T      C*H",SO»      H,(?IPO»  , 
'9«J*  =  HBi^,SO*  ^  (Ba,SOy,  = 

The  barytic  salt  No.  19  is  procurable  in  crystals,  which  may  be  ex- 
plained by  either  of  these  two  formula.  According  to  the  first  formuU, 
we  have  a  sulphate  of  acetyl  combined  with  a  terbasic  sulphate.  Both 
salts  contain  O",  the  first  because  of  the  presence  of  an  acid  radical,  the 

second  because  of  the  presence  of  three  basic  radicals.  According  to  the 
second  form  we  have  hydrated  acetic  acid,  in  rnmbination  with  two  atoms 
of  sulphate  of  barvti^s.  This  form  agn^s  witii  the  hvdratcd  acid  No.  16, 
and  is,  I  think,  the  most  probable.  When  this  salt  is  heated,  HHO 
goes  away,  and  a  new  arrangement  of  atoms  occurs,  wiiich  produces  the 
salt  No.  18. 
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ao].  C»H«Ag.SO»+Ag.S<y, 

the  silver  salt  of  the  same  acid.  Numerous  other  salts  might  be 
quoted,  but  none  which  atlbnl  adilitional  evidence  on  tliL'  |xiint  now 
discussed.  In  matters  of  this  sort,  cunmlaiive  concurrent  pvidonce  adds 
to  the  probability  of  the  truth  of  a  theory,  but  does  not  make  it 

ail  C?H*Bft  ,S0»  +  Ba  .SO*, 
aa.  ,SO"  +  H  .SO', 

24I.  C«H^  ,80^  +  Ba  .SO*, 


«5 


OW     ,SO*  +  H  ,80^ 


Usual  Names: — .21].  Sulphopropionate of  haritiTn  =  C(H*Ba*)S*0'*, 
Bvckton  and  llofimnn,  22].  Sulphopropionic  acid.  23].  Sulphopro- 
pionate  of  ammomutn :  (the  relation  of  this  salt  to  the  add  Ko.  a  a, 
plus  two  atoms  of  ammoDia  »  ZH^H  4>  ZIPH,  is  seen  at  a  glance). 
34].  Solphobutyrate  of  barium  =  €^(ll*Ba*)S'0  ^  Buckton  and  Hof^ 
Mim.    35].  Solphobutyric  acidL 

These  muCb  dife  fttm  the  snlphaoetales  only  by  the  snbBtittitioa  of 
piopumyl  =  €PH*,  and  butyiyl  «  OU',  for  ace^l  =  CH*.  The  theoiy 
which  applies  to  solphaoetic  acid  applies  to  every  acid  of  this  description. 
It  is,  I  think,  wrong  to  call  them  "  acids.'*  They  aie  simply  double 
aniphates  modified  by  the  quantity  of  oxygen  which  is  governed  by  the 
oij^uiic  ndicals  and  metallic  vioe>radicals. 

Group  B.  Bisnlphates  containing  Benzi/ly  Nos.  26  to  34. 

No.  26  in  this  series  is  sulphobenzoic  acid,  and  the  other  salts,  from 
27  to  34,  are  siilpiiobenzoates.  The  tlieory  of  these  salts  is  jjrecisely 
simihir  to  that  of  the  precechng  group,  and  it  is  useless  to  cite  them 
individually  for  discussion.  One  or  two  j)oints  may  be  noticed.  No.  27, 
the  monobarytic  salt,  is  a  form  that  lias  not  yet  been  found  among  the 
salts  of  the  preceding  group.  The  salts  Nos.  31  to  34  have  been  reoenily 
described  by  Lunpricht,  who  is  of  opinion  that  the  acid  of  No.  31  con- 
tains not  only  sulpbnr  and  benzyl  bnt  ethyl.  He  calls  it  ethyl-snlpho- 
benzoic  add.   The  ammonia  salt,  Ko.  32,  he  calls  ethyl-snlphobenzoate 

C**H*  S'O*) 

of  ammonia,  and  the  formula  which  he  gives  for  it  is  ^(j*  ji»j^H*j 

My  interpretation  of  these  salts  is  entirely  different   I  consito  Na  31 
to  be  a  doable  sulphate,  but  having     extia,  because  of  the  presence  of 
benzyl  in  the  condition  of  its  basic  radical :  the  ethyl,  of  course,  demands 

no  additional  oxygen.  When  a  metal  acts  upon  this  double  salt,  the 
odd  atom  of  hydmgen  in  the  ethyl  is  exchanged  for  it,  and  thus  the  salts 
33  and  34  {ire  produced.  When  ammonia  actn  nyxm  No.  31  if  simply 
converts  the  ethvl  into  ethylam,  which,  being  a  nonnal  ammooam,  de- 
mands no  additional  oxygen,  as  is  seen  in  No.  3a. 


Digitized  by  Google 


492 


TBEOBY  OF  POLYBASIC  AND  OONJUOATED  ACIU. 


Group  C,  Bimdphates  containing  AnLyl,  Ciimamylf  and  Spiryl, 

Nos.  35  to  43. 

The  bisulphatos  tliat  contain  anisyl  have  been  recently  investigated 
by  Zervas,  under  the  guidance  of  HofmaDii  (^Proceedings  of  the  Roy(d 
Societr/,  1857,  viii.  494;  Quarterly  Journal  Chemiail  Society^  *Q57» 
X.  211).  Tfio  compounds  were  prepared  by  the  action  of  fuming 
sulphuric  acid  on  anisic  acid. 

35].  H,CTIW  +  2(H  ,S0«). 
36J.  H,rH^O»  -f-  2(Ua,80'), 

37].  H,C-H'(y  +  a(Pb,SO«). 

Theee  were  crystallised  salts,  for  which  the  discoverer  gives  the  following 
formnla: 

for  35,  C'«H»  S'0'«  +  aaq. 
for  36,  C'YH'Ba*  )S*0'*  +  2  aq. 
for  37.   C"(H»Pb«)S\)"  +  aaq. 

No.  35  is  called  snlphanisic  add,  and  the  others  are  sdphaniaatesu 

38].  ,S0*  +  H  ,S0«. 

39I.  <?H*Ba,SO*  +  Ba,SO». 
40J.  C»ffPb,SO*  4-  Pb,SO». 

No.  38  is  produced  by  heating  the  crystals  of  7,5  at  100°  C.  No.  -9. 
bjr  heating  the  crystals  of  36  at  i^o"^  C.  Iso.  40,  by  healing  ihe 
crystals  of  37  at  176**  C. 

Theory. — There  is  here  no  evidence  of  the  formation  of  the  ^^oonjn- 
gated"  sulphanisic  add.  The  first  three  salts  are  combinations  of  sulphates 
with  hydiated  anisic  add.  The  others  difller  firom  these  in  consequenoe 
of  having  each  undergone  an  abstraction  of  HHO.  The  efiect  of  this 
abstraction  of  HHO  is,  to  throw  the  anisyl  into  the  condition  of  a  basic 
radical,  and  as  this  acid  radical  requires  0^  ^  its  normal  salts,  on  be- 
coming l)asic,  it  carries  with  it  O*,  and  consequently  raises  the  oxygen 
of  the  sulpiiate  into  which  it  enters  from  to  0*.  In  this  respect  only 
do  the  sulpiianisates  difler  in  principle  from  the  soipiiacetates  and  sol- 
phobeozoaies. 

41].  <(f  -f  H,  SC)«. 

42 J.  C*H*=Ag,feO*  +  Ag.i50«. 

JNa  41  >0  sulphocinnamic  add,  and  4a  its  silver  salt.  There  are 
many  other  stilts  similar  to  No.  42.  It  is  evident  at  a  elance  that  these 
salts  resemble  those  which  contain  benzyl,  group  B,  and  that  they  require 
no  other  theoretical  explanation. 

43].  CW,SO*  4-  H,SO«. 

Hofmaiin  quotes  this  formula  (or  rather  he  qnotts  C'*H\S'0'*)  as  that  of 
another  new  conjugated  acid,  the  sulpho-saiicyiic  acid,  recently  djs- 
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covered  by  Mr.  BaldwiD  Duppa.  No  particulars  arc  given  respecting 
the  salt.  The  correctness  of  this  £)nnoIa  is  doubtful.  (TIP  represents 
spuyl,  not  salicyl,  but  spirjl  could  scarcely  require     in  its  sulphate. 


A  Hyp(»ulphate  contains  two  atoms  of  sulphur,  three  atoms  of 
oxj'gen,  and  one  positive  radical  (see  page  172).  There  is  no  d  priori 
argument  against  the  posstbili^  of  the  formation  of  double  hypo- 
sidphates.  I  conclude  thence,  that  the  salts  in  the  Table,  from  No.  44  to 
59,  are  all  double  hyposulp hates,  and  that  they  contain  no  conjugated 
adds  of  any  description  whatever.  It  may  be  urged  in  opposition  to  this 
opinion,  that  the  properties  and  reactions  of  these  salts  are  not  in  accord- 
ance with  the  properties  and  reactions  of  hyposul]  >hates ;  but  it  does  not 
appear  to  me  that  the  properti(  s;  and  reactions  of  hyposulphates  are,  at 
present,  known  with  siu-h  iMM-fcction  that  much  reliance  can  be  placed 
on  arguments  which  dt-iM-itd  solely  upon  that  know'  >ilo. 

The  process  by  which  tliese  salts  are  produced  baa  been  described  in 
general  trrms  at  page  488. 

All  tlio  l)asic  radirals  that  arc  containrHl  In  Uu;  salts  that  form  p*onps 
A,  B.  ( are  tnily  basic,  and  then  f* .re  tli*  v  brinc^  no  additioanl  oxygen 
inh)  tlie  salts.  In  group  D,  we  jieici^ivc  tlif  radical  C^FF,  the  nature  of 
which  I  do  not  understand,  but  which  Inis  evidently  tlie  power  dt  an 
acid  radical  ot'the  benzvl  series,  and  consequently  adds  O'  to  it^i  siilts. 

All  the  other  |»articulimj  that  are  exhibited  by  the  formula',  from 
Nos.  44  to  59,  have  been  so  fully  discussed,  tliat  the  reader  will  an  me- 
diately comprehend  the  meanings  that  these  fonnuls^  are  intended  to 
convey.  But  as  the  discoveiy  of  these  salts  is  but  recent,  and  as  their 
discoverers  are  impressed  with  the  conviction  that  they  have  discovered 
Jive  or  six  New  Acws,  I  will  quote  some  of  their  names  and  formnbe. 
My  impression  is,  that  the  salts  are  hyposulphates^  and  nothing  else. 
If  this  impression  is  correct,  I  apprehend  that  little  favour  is  due  to  mere 
names  which  imply  the  existence  of  conjectural  conjugated  acids.  Not 
one  such  acid  ought  to  be  recognised  as  existent  without  conclasive 
evidence  in  its  favour.  The  law  of  simplicity  commands  us  to  admit  in 
chemistry  of  the  existence  of  no  greater  variety  of  substances  than  nature 
actually  pro<luces:  they  are  numerous  enoiirdi  in  all  conscience.  Every 
new  conjugatetl  acid,  and  every  now  polyatomic  base,  which  *^]>ecnlattve 
chemists  adopt  incon>iiK  rat«  ly  and  without  necessity,  is  an  injur}'  to  the 
exactaeii^i  and  an  obstacle  to  the  progress  of  true  scieno^. 

Groups  A  and  B.  Names  ami  Formulw  gimn  hy  Messrs.  Buckton 


Investigation  op  Doitblb  Htposulphateb. 
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46 
48 

49. 

50, 

51 

52 

53 

S4J 


Disulphometholate  of  silver  -  (?(H*Ag*)S*0". 
Disalpbooietliolateof  AimiioiiiQm  «  C*[H«(NH7]S'0». 

Disulphethdic  add  =  C*  H^S'O*'. 

Disulphetholate  of  bariiun  s  C^fH«BeP)SH)* 

DisulphethoIateofMDmooiitni  =  CfHXNH«)']S^. 

Disulphopropiolic  add  «  C*(H^*0^ 

Disulphopropiolate  of  bariom  =  e(H«Ba*)S*0". 

Disulphobi'iizolic  acid  =  C'*H'S*0". 

Difiolphobeiuolate  of  bariom  =  C'XU'Ba*)^^)^ 


Gt'mtp  C,  Names  quoted  hi/  Gerhanlt. 

55].  Disulpbonapht^Iic  acid;  thionaphtic  acid;  bypoaalphopqAtic 
acid  =  C'«H"S*0"  =  C~H'  -|-  4(S0SHU)  -  4HO. 
56.  Disulpbonapbtolate  of  barytes  =  C»H*ba'b*0''. 

(Trou;)  D.  Names  of  Zervas  and  Hqfmann, 

57].  Disulplianisulat>>  of  barium  =  C'*(H"lSa*)8*0'*  4- 2  aq.  This 
salt  is  evidently  a  qiiadra-sulpliatc,  the  four  ba^jic  radicals  of  which 
are  Ba,  Ba,  C'H^  and  H.  Tiie  salts  Nos.  58  and  59  were  inferred  to 
exist,  rather  tlian  proved  to  exist,  by  these  chemists. 

Looking  over  these  salts,  there  seems  to  be  no  evidence  to  favour  the 
assumption  of  the  existence  of  a  series  of  conjugated  sulpho-adds,  btrt 
much  to  prove  the  mumcj  of  fiNrmubB  whidi  aie  given  in  theTaUe, 
and  aooonling  to  whidi  these  adts  are  all  hypoaolphates. 

Theiadioa  marked  CH'  ia  derived  from  anisyl  (TW  by  abstractkm 
of  Hofinann  calla  it  aniaoL  la  it  toloenyl  »  <711%  or  aome  other 
isomeric  radical  ?  It  acta  here  aa  an  add  nKlkal,  wherau  tohiei^  acta 
as  a  basic  radical  (see  Na  81). 

UiwiNwms.'^oX  Disulphanilic  acid  s  C'lFNS'O",  J?udlton  aacf 
H<fmam.  61].  Di8nrphaniUteofbarinm»C*^IPBaMNS^)^,B,aii^A 
6a  J.  Disulphanikte  of  silver  «  C"(IPAg*)XS*0'«,  B.andH.  62I  Di- 
liiiobeosolic  acid  s  C»H'N^*',  mmkamp.  Phenyldisdpbodbunie 
add,  Hofnann,  64].  The  barimn  salt  of  that  add.  The  saha  of  this 
gronp  have  been  described  at  page  240.  There  is  a  pecaliarity  in  tbeir 
compositioii  whioh  I  do  not  understand.   If  HHO  is  added  to  the 

amidogen  salt  No.  Co  we  produce       '   ^  [  g^Qj,  > .  The  upper  meuiber 

of  this  salt  represents  twice  as  much  sulphur  and  oxygen  as  belongs  to 
a  sulphate  in  combination  with  only  one  basic  radical. 

If  2  (HHO)  is  added  to  the  double  amidogen  salt  No.  64  we  {irodnoe 
ZH*  ('"IP  •  S*0*| 

ZU*^ba*  •  iSHyl'         ^  ^  doable  sdt,  with  a  similar  disproportaon  of 
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acid  radicals  to  basic  radicals.  Other  examples  occur, — see  page  241, — 
in  which  aiuidop^ens  seem  to  he  equally  competent  with  ammouiums  to 


A  sulphite  ooDtains  two  atoms  of  Bolphar,  tlixee  atoms  of  oxygen,  anil 
two  positive  rodtcsls.    See  pages  171  and  237. 

The  salts  described  in  the  Table,  fiom  Nos*  65  to  97,  are  all  ibimed 
in  accordance  with  these  particalarSy  and  oonseqoentlj  are  entitled  to  be 
called  sulphites.  The  common  pm^oe  of  organic  chemists  is,  however, 
to  lepcesent  them  as  salts  of  conjugated  acids,  chiefly  under  the  sup- 
position, that  the  organic  radical  which  is  present  in  each  salt  is  not 
present  in  the  character  of  a  basic  radical,  but  is  conjugated  with  the 
sulpiiur  into  a  compound  acid  radical.  The  arguments  by  wliich  that 
supposition  is  supportetl  have  been  examined  in  tlie  article  which  com- 
mences at  page  399,  iu  which  I  have  shown  that  the  evidence  adduced, 
instead  of  proving  the  existence  of  conjugated  acids,  pro\  es  exactly  the 
reverse.  Referring  the  reader  to  those  arguments  and  ikcts,  I  assume 
here,  that  all  the  compound  radiaiU  vviiich  app(«r  in  this  Table  are 
present  in  the  salts  in  tlie  condition  of  basic  radicals,  that  the  salts  are 
sulphites,  and  that  the  theory  of  conjugated  acids  is  totally  inapplicable 
to  every  one  of  them, 

Even  the  chloric-  and  bromio-vioe-iadicals,  some  of  them  containing 
two  or  three  atoms  of  chlorine  or  of  bromine,  with  no  h)  drogen,  still  ad 
in  these  salts  as  basic  radicals,  and  have  no  efi(*ct  on  the  qnantom  of 
oxygen  which  is  demanded  bj  the  sulphnr  for  the  formati(m  of  normal 
sulphites. 

Group  A.  i^nlphites  idth  ALoIuA  Jduiicds,    Nos.  65  to  78. 

65].  H ;  CH'';  S'C  =  CH^80  +  H,SO'.  The  H  being  replaceable, 
this  acid  gives  rise  to  the  salts  that  are  formulated  in  ]Sos.  66  to  71,  and 
to  many  others.  This  arid  hns  been  oilled  SulpHrr^om*  tliylic  acid, 
Hyposnlphomethylic  acid,  Gnwlin.  Acide  m4tiiylsullureux ;  acide 
methyi-dithionique,  or  sultomethyl-sulfurique 


Acide  sulfoformique,  LawrenA,  MethyhmterschwefelsUuro,  or  Hydrated 
hypotmlphate  of  methyl  «  CW,S^,HO,  Ab22«.  In  applying  the  term 
hyposolphate  to  a  ssh  <^  this  formnla,  Kolbe  seems  to  liave  considered 
cnlj  the  relations  of  die  snlphnr  and  oxygen,  and  to  have  forgotten  tbit 
with  these  proportions  of  8  and  O,  the  presence  of  two  basic  radicals 
ToakxA  a  solphite,  while  a  hyposulphate  requires  only  one  basic  radical* 
Bat  probably  Kolbe  was  gnided  in  his  opinion  by  the  notion  that  in  this 
case  the  hydrogen  alone  acted  as  the  basic  radical,  and  that  the  methyl 


act  as  basic  nulicais  m  hyposulplutttjs. 


IHVEBTiaATION  OF  THE  SULPHITm. 
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s  CH*  acted  merely  as  a  neutral,  indifferent,  powerieas,  lumg^-on,  like 
the  baste  radicals  in  his  copulated  oxalates,  which  I  have  described  at 
page  408.  However,  the  mistaking  of  sulphites  for  hyposulphates  is 
not  peculiar  to  Kolbe,  but  is  a  common  practice  among  organic 

ch'-n  lists. 

66]  to  71].  These  are  salts  of  the  "acid"  Ko.  65,  and  tberelbfe 
demand  no  particular  t  xplanution.   ^o.  71  is  a  double  or  add  salt. 

No.  69  is  a  salt  one  lialf  of  wliich  Is  terbasic.  In  this  examplo  wr-  have 
tho  proportions  of  S  aiifl  O  which  are  propor  to  a  normal  sulphate,  but 
^itli  twiro  the  or(lin;'rv  nunihor  of  basic  radit^s. 

72].  H  ;  C^H^ ;  S'^U-  =  C*H*,SO  4-  H,SO*.  This  is  commonly  calle^i 
the  Etliylosulphiirous  acid.  Nos.  73  to  76  are  examples  of  its  salt»,  uf 
which  manv  more  mio^ht  be  quoted.  No.  73  is  also  called  the  sulphite 
of  ethyl,  and  aUbrds  an  instance  of  an  organic  salt,  which,  fur  a  wonder, 
organic  chemists  have  omitted  to  convert  into  a  conjugated  acid. 

77].  Tiie  hyposulphamylic  acid.    78J.  Its  barium  salt, 

Gboup  B.  Sulphites  conUimng  Radicals  of  the  Series  »CH*  —  IF, 

and  nCH*  -  H**. 

79].  H  ;  C«H* ;  SK)"  =  C'^H*,SO  -h  H,SO'.  All  the  salts  of  Group  B 
have  this  constitution.  The  H,  of  course,  is  replaceable  by  a  basic 
radical,  and  gives  rise  in  each  case  to  a  series  of  salts. 

UswU  names*  79].  Funeschwefislsaure,  Omelin,  Acide  pb^n?l-sa^ 
fiiieux  or  ackie  solfobenzidic 

«  ^  Gerhardt. 

Hyposulphobenzidic  acid,  Gregory.  Sulphobcnzolic  acid  =  HO,C"H*S*0*, 
Miller ^  80J.  The  copi^ir  salt  of  the  acid  79.  81].  Sulphotoluylic  add. 
Tluotohik  acid.  Acide  solfobenso&ique.  ToluoIschwefelSHure.  82]. 
Its  barium  salt.  83].  The  barium  salt  of  lylenylnBulphurous  add,  or 
Sulpho-zyloic  acid.  84].  Cumenyl'sulphurous  add.  Snlphocnmenic 
add.  85!  Sulphonaphtalic  add.  Naphtyl-sulphurous  add.  Hypo- 
Bulphonaphtalic  acid.  Naphtyl-dithionic  add.  86  and  87].  Salts  of  the 
add  Na  85.  88].  Thymyl-snlphurous  acid,  Sulphocjmenic  add,  or 
sulphocamphic  add,  Gerhard,   89].  Its  barium  salt. 

Group  C.  SulpItiUa  ooniaiiuitg  Cidoric  Vice-Hadkala. 

The  salts  Kos.  90,  91,  92,  differ  from  the  salt  No.  65,  only  by  the 
substitution  of  chloric*,  chlorenic-,  and  chlorinic-methyl,  in  the  place  of 
normal  methyl.    The  resulting  salts  retain  the  usual  form  and  the  uaoal 

quantity  of  oxygen.  The  salts  Nos.  93,  94,  and  95,  differ  to  the  same 
extent  fn>ni  the  normal  salts  Nos.  70,  67,  and  66.  The  .^ilts  Nos.  96 
and  97,  (lilTf  r  from  tlie  salt  No.  85,  only  by  the  replacement  of  oaph^l 
by  chlorinic-  and  bromemc*naphtjl. 
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Neverthelefis,  these  siinple  lelattons  have  been  overlooked,  and 
cfaeouetB  have  given  to  these  salts  a  variety  of  very  complex  names  and 
Ibnnuls?,  depending  upon  equally  complicated  and  diversined  theories ; 
for  a  foU  account  of  which  I  refer  the  nader  to  Gmelin's  Handbook  of 
Chemistry^  vii.,  295  to  303,  and  J51. 

Usiud  names.  90].  Chloro-sufphosomethylic  acid,  (hndifL  Clilor- 
elayl  -  Untersch\vefelsilare»  chlordayihyposalphuric  add,  or  chloro- 
methylodithionic  acid 


Acide  sulfoformique  chlore,  Laurmt,  Acide  metholique  chloiosulfuro, 
GerhartU.  93].  One  of  its  salts.  91].  Bichlorosulphosomethy lie  acid, 
GmeUn.  Chlorformyl  -  Unterschwefelsiiurey  DichlofomethylodithioQic 
aoidt  or  chlorofonnylohypoftulplmric  acid 

«  HO .  C*  |^^4*)^S«,0*,  Kdbe, 

Adde  solfoformiqoe  bich]of6«  Lmtrwt,  Acide  metholiqoe  bichlorosul- 
Oerkardi.  94I  Its  silver  salt  9a].  Terchloio>sulpbosometfay]ic 
add,  Omdin,  Terchlorlnated  Snlphoeomethylic  add,  Gmdin*  Chlor- 
koUen-lJnterschweielsiare,  chlorocarbohyposulphuric  add,  or  trichbro- 
nMthylodttbionic  add  »  HO .  (C*CP)'^S«,0»,  Kolbe.  Acide  sulfofar- 
tnique  tridilor^,  Lamrmt*  Adde  metholique  trichlorosulfiui^,  Gerhardt, 
95],  Its  barium  salt.  According  to  Kolbe,  the  chloric  vice-radical  which 
forms  part  of  each  salt,  is  copulated  with  the  two  atoms  of  sulphur  into 
a  single  acid  radical.  That  process  apparently  converts  the  salts  from 
snlphites  into  hyposulphates.  But  there  is  no  evidence  that  this  copula- 
tion takes  place ;  the  salts  can  be  described  with  simplicity  as  snlphites; 
and  tlio  existence  of  the  copulated  hyposolphates  is  highly  improbable. 
96].  Trichloro-snlphonaphtalic  acid 

97].  Bibromo^dphonapiitalic  acid 


Tn  those  last  two  fonnuhr,  chlorinic-naphtyl,  or  Itionunic-naphtv  1,  in 
coni;>;inv  with  two  atoms  of  sulplmr  and  two  atoms  of  oxygen,  are  made 
to  be  collect  ively  equal  to  H'.  This  arbitrary  iiscription  of  the  nicHlrl  nf 
wator  to  compounds  which  are  evidently  doul)le  salts  is  not  to  be  juj>ti- 
fied.    The  manuiacture  of  conjugated  acids  in  this  easy  way  is  a  farce. 

Groitp  D.  Amidogen  SuIphUea.   Nos.  96  to  105. 

The  stilts  of  this  group  have  all  been  d^sr  rilwd  in  fonnor  sections, 
and  it  is  consequently  needless  to  dwell  upon  Lhem  again  in  detail.  The 

2  K 


Digitized  by4^oogle 


498  THKORY  OF  POLYBASIC  AND  OONJDQATED  ACIDS. 

amidogon  sulphites  are  all  to  be  consid<  ral  as  double  sulpliates  minus 
HHO ;  for  if  wo  suppose  an  addition  of  HHO  to  be  made  to  each  of  the 
salts  in  this  Table,  they  immediately  beoome  oonverted  into  oonual 
bisulphates  or  doable  sulphates.   Thus : 

ZH«,S0  4-HH0  JZH«,SO» 

T  ZH,C'W;SO  +HHO  fZIP,C'Tr;Sa 
*^5>  H  J  SO*  ■  t         H  ;  SO" 

UsmI  Xames.  ^38].  Sfe  312,  page  233.  99].  8nlp!io!iiethylaDe ; 
see  320,  }>age  2^,7.  looj.  JSulphianilic  arid;  see  321,  ]kii^<'  237,  and 
28,  ijage  285.  loij  and  102].  Salts  of  sulphanilic  acid;  sii-e  -Nos.  324 
and  323,  ]>age  237,  and  No.  29,  page  285.  103]  and  104I.  Thiotol- 
nat's;  see  Nos.  331  and  33a,  page  240.  105].  Thiouaplitdmic  acid; 
see  ^0,  329,  pagt;  240. 

IxvESTiOATiON  OF  THK  Mkthyloi>itft fn\ATE8.  The  Methrlodithi.v 
nates  li;ivo  recfntlv  ham  (k'scrilx-d  by  Dr.  J.  T.  Hobson  (Quarterly 
Jonnud  of  the  Cliemiml  Scu^idi^,  1857,  x,  248,)  as  part  of  a  "  New  S«Ties 
of  Organo-Th ionic  Acid^."  The  luinie  metkyioditlwmatts  not  well 
chosen,  because  Gerhatxii  has  already  a])])liod  it  to  another  s^iTies  ot  salts, 
the  acid  sulphites  of  methyl,  foriniiig  Group  A  of  this  Table ;  s<^e  nose 
to  No.  65.  Dr.  Hoiisoii's  methylodithiouates  were  prepareii  by  acting 
upon  zinc-methyl  with  sulphurous  acid.  The  lurnmluj  which  he  gives, 
as  representing  the  results  of  the  analyses,  are  as  follow 

loS].  MethylodithkMate  of  Zinc  ZnO^S*  |  ^  ^ 
107].  Methylodiihiooate of Baiyta  BaO^S'.l^^l- 
108].  MethylodithioDBteofMagiMfliaMgO.S'r^^^  \ 

109].  MethyloditbionateofLime      CaO,S«  |^^'| 

I  lo].  The  **  acid"  was  found  to  be  very  unstable,  and  ooold  not  be 
procnied  in  a  condition  fit  for  analysis.  Its  composition  was  calculated 
irom'  that  of  the  salts. 

It  appears  to  me,  that  this  methyloditihionic  add  "  has  no  esastenoe, 
and  that  these  salts  are  hyposulphites,  constituted  in  aoooidanoe  with  the 
ftrmula  which  I  have  explained  in  the  article  commencing  at  page  i6a 
The  salt  No.  106,  for  eiample,  is 

CH*,SO  -I-  Zn,SO  Methjla  sulphate  cum  siDca  solpliafce. 

The  other  salts  are  constituted  in  a  sijiular  manner. 
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l2(V£STiaATI0N  OF  XUC;  EXHYLOTRITHIONATES. 

The  Ediylotrithionates  have  been  described  by  Dr.  J.  T.  Hobeoo 
(  Quarteriy  Jourwd  of  the  Chemioal  Sockty^  1857,  x.  55).  lliey  were 
prodaced  by  acting  00  linc-ethyl  witli  sulphoioaa  add.  They  are,  like 
the  methylodithionatos,  stated  by  Dr.  Hobson  to  bo  part  of  a  **  New 
Series  of  Organo-Tiiiooic  Acids."  The  formulse  which  he  assigns  to  the 
salts  are  as  foUow  (I  omit  water  of  crystallisation) : — 

ml  ZnO  ,S*(CH')0»  .  EthylotrithioDate  of  zmc 

iia  .  BaO  ,S*(C«IP)0*  .  Ethvlotrithionate  of  baiyta. 

113'.  AgO  MfyB^y^  •  Ethylotrithionate  of  silver. 

114.  CuO  ,S»(C*H»)0*  .  Ethylotrithionate  of  copper. 

II 5I  NaO  ,S«(C«H')0*  .  Ethylotrithionate  of  soda. 

1161.  C*H*0,S'(C*H^)0»  .  Ethylotrithionate*  of  oxide  of  ethyl. 

II7J.  HO,   S''(0«H')0'  .  Ethylotrithionic  acid. 

Dr.  Hobaon^s  theory  is  expressed  thus :  "The  compound  [No.  11 1] 
is  the  zinc  salt  of  a  new  add,  formed  by  the  sabstitation  of  one  equiva- 
lent of  oxygen  in  three  eqnivalenta  of  snlphnroos  add  by  ethyl"  This 
supposition  is  by  no  means  sufficient  to  prove  the  existence  of  a  con- 
jogated  add.  I  do  not  bdieve  that  the  ethyl  goes  thus  into  the  add 
radical  That  assumption  is  negatived  by  the  evidence  given  in  the 
section  which  commences  at  page  J99.  I  theroforo  consider  ethyl  as 
sustaining  in  these  salts  its  normal  character  of  a  basic  radical. 

If  we  could  consider  zinc-ethyl  to  be  a  radical,  (and  its  atomic  measure 
of  one  volume  might  tond  to  lead  us  to  that  opinion,)  then,  those  salts 
might  at  once  ha  described  as  trithionates^  using  that  term  in  the  sf^nse 
in  which  it  is  used  in  the  Article  at  page  168.  Thus,  the  salt  called 
ethylotrithionate  of  zinc,  No.  m,  would  Ix*  rend«wl  ZnC*H*,8^. 

But  I  am  of  opinion,  that  zincK^thyl  is  not  a  radical,  but  a  salt.  The 
grounds  of  that  opinion  are  stilted  at  page  106.  Hence,  those  s;ilts  caninjt 
be  trithionates.  If  we  throw  the  synoptical  formula  >»u.  1 1 1  into  an 
analytical  formula,  we  produce : 

C?H»,SO 
Zn,SO,SO 

and  comparing  this  formula  with  that  of  tiie  diflerent  pdythionic  salts, 
which  I  have  described  in  the  Artide  commencing  at  page  1 56, 1  con- 
clude that  the  ethylotrithionates  are  compounds  of  a  sulphate  ~  CH^SO 
(page  I J9)  with  a  sulphmieU  =  Zd,SO,SO  (page  170).   The  drcnm- 

stance  that  salts  of  Uiis  constitution  are  at  present  nearly  unknown,- 

is  no  obstacle  to  their  acknowledgment  when  they  are  made  known. 
Hitherto,  in  fact,  tli«»y  have  not  lKH?n  l(X)keil  for,  and,  as  I  have  shown 
in  the  iuvosti^nr\tion  inU^  tho  constitution  of  tlio  ]>olytlii()nato>.  mnny 
varieties  of  oxysulphur  salts  have  been  disregardtid,  because  the  minds  of 
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chemists  were  preoocopied  by  emmeooB  notioDS  Tespectiog  their  oonsti- 
tatioD.  The  sulpheoetes  are  salts  in  which  sulphuoos  add  =  SO,  is 
combined  with  a  salt  of  the  ibrm  MSO,  just  as  the  hTposnlphateB  oonsiat 
of  SO  combined  with  a  salt  of  the  fyrm  MSO^,  In  such  a  supposition 
there  is  nothing  improbable,  and  by  accepting  it  we  arc  pro\ided  with 
satis&ctcfT  formulae  for  the  salts  now  in  question,  and  ineed  from  the 
necessi^  of  admitting  without  proof  the  existence  of  a  conjoggted  ackL 

I  have  gone  somewhat  into  detail  respecting  the  **  G^njugated  Sulj»ho- 
ncids,"  Vf  causc  chonii.sts  are  in  the  common  practice  of  taking  for 
granted  that  such  compounds  actually  exist;  for  which  reason  I  have 
thouLrlit  it  |)roj)er  to  show  them,  that  we  have  no  evidence  to  j-rovf  tlMr 
existence  ot'  even  a  single  acid  of  this  desrrt|>tion.  Our  lk>oks,  indetrl,  axe 
crammed  witli  their  Barnes,  but  ^nature  objects  to  make  tiie  Things. 


The  Silicates. 

Much  controversy  has  taken  place  rcs|XH:ting  the  composition  of  silica 
and  the  silicates.  Diflerent  chemists  have  ascribed  to  silica  the  follow- 
ing formnltt : 

SiO^,  SiO*,      and  SiO. 

Berzelius.  Gmelin,  Thomson. 

In  the  year  1834  1  snj^'ested  that  silica  onght  to  be  denoted  bv 
M'O,  aad  the  neutral  silicates  hv  MSiO.  These  fonnula?  seem  dow» 
alter  twerity-four  years  of  research  and  retlection,  to  be  more  probable 
exponents  uf  tlie  truth  than  any  of  the  other  fornuiltp. 

The  most  recent  "  rest^ches  on  silica  "  have  been  made  by  Colonel 
Philip  Yorke  (J*roceedivgs  of  the  Jloyal  Soctetf/^  April  1857,  ^4^  ^- 
His  method  of  operating  was  that  of  "  determining  tlie  quantity  oi  car- 
lK)nic  acid  which  is  displaced  from  excess  of  an  alkaline  carbonate  in  fusion, 
by  a  given  weight  of  silica.*'  The  results  were  as  follows : — When  car- 
bonate of  potssh  was  used,  the  experiments  indicated  the  formute  SiO^. 
When  carbonate  of  soda  was  used,  the  ibnnula  indicated  was  SiO^. 
When  carbonate  of  tithta  was  used,  the  fonnuk  became  SiO.  Tbcae 
experimental  results  gave,  therefore,  no  satisfactory  theoretical  recnlt^ 
The  process  led  to  nothing,  because  sihcates  of  fij»d  alkalies,  whatever 
their  composition,  fiise  with  indefinite  quantities  of  silica,  and  produce 
a  variety  of  silicates,  which  difler  in  composition,  according  to  the  pro- 
portions of  the  ingredients  in  tiie  mixtures,  the  degree  of  heat  employed 
and  tlie  time  of  its  duration.  To  this  principle  it  is  that  giassea  aAa 
glazes  owe  tbeir  variety.  7 
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Colonel  Yoxke's  conclusions  woro  as  follow.  "  After  guarding  him- 
self from  drawing  auy  decided  inference  from  Uie  exjXirinients  recorded, 
the  Author  concludes  by  observing  that  at  present  he  can  see  no  alterna- 
tive  bat  to  admit  of  more  than  one  equivalent  for  silicic  acid  (that  is  to 
say,  of  more  than  one  acid),  the  value  of  which  is  determined  by  circum- 
stances, such  as  the  presence  of  water  and  the  nature  of  the  base  to 
which  it  is  presented.  The  existence  of  such  different  silicic  acids  has 
been  already  suggested  by  chemists  at  difoent  periods^  parttcolarly  by 
Ebelraen  and  Laurent,  and  lately  by  M.  Fremy/' 

I  think  we  may  oome  to  a  more  sstisfiKtory  lesolt  respecting  the 
atomic  weight  of  siilioon,  if  we  examine  the  constitution  of  its  gaseous 
compounds,  and  proceed,  as  I  have  done  in  the  investigation  of  the 
compound  radicals,  from  gases  to  solids,  with  the  single  view  to  make 
out,  if  we  can,  how  much  of  the  element  which  is  under  investigation  is 
fhi  chmical  equivalent  of  a  migle  volume  of  hydnxjen.  That  quantity  of 
tlie  element  must  be  accepted  as  its  atom.  Silicon  must  submit,  like 
other  element^,  fo  this  nilc.  It?  atom,  or  liadical,  is  that  quantity  which 
replaces  a  volume  of  hvilnnren. 

In  the  Table  of  Gas(*s,  ])riiited  betwtn  n  pages  50  and  63,  we  have  the 
following  examples  of  gases  that  contain  silicon ; — 

Silicate  of  amyl,  or  amyla  silate  .    ,  CH^SiO  . 

Silicate  of  ethyl,  or  ethyla  silate  .    *  C'H'  ,SiO  . 

Chloride  of  silicon,  or  sila  chlom      .  Si,Cl 

Fluoride  of  silicon,  or  sila  fluom  •    •  Si,F 

Chlorosulphide  of  silicon,  or  sila  {  Si,S  1 

sulpha  bis  sila  chiora    ....  \  (Si,Ci)*  \  ' 

If  we  sTipposG  the  radic^il  Si  which  appears  in  these  formnim  to  Ije, 
in  all  the  exatn{)Ies,  replaced  by  H,  weshoold  have  the  following  series 
of  well-known  salts ; 


Atomic  neasare* 

,    ,    ^  volume, 
^  volume. 
•    .    ^  volume* 
.    .   4>  volume. 

.    .  I  i  volume. 


Cnr\HO  =  amylic  alcohol. 
C*H*,HO  =  common  alcohol. 
H  ,Cl    =  hydrochloric  acid. 
H  ,F     =  hydrofluoric  acid. 
2  (HQ)  4-  HS  =  a  mixture  of  two  atoms  of  hydrochloric  acid 

with  one  atom  of  hydrosulphuric  acid. 

Here  then  is  evidence  deBr  and  convincing,  as  fiir  as  it  goes,  that  the 
quantity  of  siUoon,  which  is  the  equivalent  of  H^  is  that  which  is 
marked  in  the  Table  by  Si^  An  examination  of  the  constitution  and 
specific  gravities  of  the  respective  gases  fhily  explams  the  wigM  of  this 
radical. 
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Tile  competition  of  Silicate  of  Amyl  =  Amy  la  silate,  is : 

Amyl    =  C*H»  =  71 
Silicon  =  Si      =  7*5 
Oxygen  «  O      »  16 

94*5 

If  this  is  doubled,  it  becomes  1 89,  which  represents  its  tlieoretical  8pe» 
cific  gravity,  whereas  Ebelmen'tf  ezperimcfitB  showed  it  to  be  169*3; 
which,  thoogh  not  a  very  accurate  number,  is  sufficient  to  prore  that 
the  atomic  measure  of  this  gas  is  haif  a  vdnme.  Now,  the  correBpoDd- 
ing  gas,  with  H'  instead  of  Si',  amylic  alcohol  =  C*H",HO  measun* 
txjoo  volumes.  The  cause  of  this  differcronee  is  cxplaiiuxl  at  pa|:*e  108, 
where  1  have  shown  that  H',  when  it  fonns  ])art  of  a  salt,  measures 
I  volume,  and  does  not  alter  the  measure  of  the  radical  with  which 
it  combines  to  })roduce  that  salt,  whereas  the  measure  of  silicon  in  a 
salt  is  O  volume,  while  it  diminishes  the  measure  of  the  radical  with 
which  it  combines  to  form  that  s^dt  from  I  volume  to  half  a  volume. 
Hence  it  is,  that  all  the  siliceous  gases  measure  half  a  volume  for  each 
atom  of  siUcon  which  tliey  contain. 

This  explanation  applies  to  all  the  five  gases  which  ar«_  v^uoti^d 
above.  The  chloride  of  sihcon,  or  sila  chlora  =  SiCl,  has  the  following 
compositioa 

Silicon  =  Si  =  7*5 
Chlorine  =  Cl  =  35*5 


43-0 

The  theoretical  specific  gravity  is  86,  while  Pierre  found  it  experi- 
mentally to  be  85*94.  In  the  same  way,  the  atomic  weight  of 
tlie  silicate  of  ethyl,  or  ethyla  silate  =  C*H\SiO  is  shown  in  the 
Table,  at  pAge  58,  to  be  52*5;  its  tlieoreticsil  spc»cific  gravity  to  l>e 
105  ;  and  its  experimental  specific  gi-avity,  as  determined  by  KK  lm.iii, 
to  bo  105*92.    The  tliioride  of  silicon,  or  sila  fiiiora  =  has  an 

atomic  weij^dit  of  26*5.  and  a  theoretical  specific  u:ravitv  of  ^3,  which 
Dumas  found  exja iimmtally  to  \)q  52*09.  Finally,  the  trij)le  salt,  the 
chlorosulphide  of  silicon  ss  2 SiCl  -f*  SiS  has  the  atomic  wei^dit  of 
1 09 '5,  vvliich  corresjxmds  to  the  theoretical  specific  gravity  of  7^,  its 
measure  being  volume,  and  this  specific  pravit}'  is  corroborated  by 
the  experimental  weighings  of  Pteire,  which  gave  73*51. 

These  facts  aflbid  strong  evidence  in  fa,v€m  of  the  statement,  that  the 
atomic  weight  of  silicon  is  7  *  5.  I  adopt  thatf  conclusion  as  true,  and  I 
proceed  to  show  how  exactly  it  aocoids,  not  only  with  the  composition 
of  the  siliceous  gases  and  the  chief  artificial  salts,  but  with  the  infinite 
vanety  of  complex  mineral  silicates. 
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The  composition  of  auhydrous  sUica,  on  this  theory,  i??  as  follows; 

Per  Cent.  By  Expt. 

Silicon,  2  atoms  =7*5-1-2  =  15=  48*39  48*275 

Oxygen,  I  atom  =  j6  -f  i  =  10  =  51*61  51*735 

=  Si,SiO   =  Sila  silate. 

The  CUoi^  of  Silicon  is  decomposed  by  water,  and  produces  hydro- 
chloric add  and  bjdiated  silica ;  thus : 

Sia  +  H,HO  «  H,SiO  +  Ha 

This  hydrated  silica  H,SiO  is  tlie  model  of  the  neutral  silicates.  The 
basic  radical  H  is  replaceable  by  any  oilier  basic  radical.  There  are 
other  varieties  of  hydiated  silicic  acid  besides  this  normal  hydrate. 
Uuvui  has  shown  that  when  it  is  airnlried  at  60*^  F.,  its  composition  is : 

H»^i^y  =  j(H,SiO)  +  Si,SiO; 

sad  that  when  it  is  dried  at  21 2°  F.,  it  becomes : 

H%Si-0*  =  a(H,SiO)  4-  3(Si,SiO), 

We  have  oonseqneDtly  three,  probably  more,  fonns  of  hydrated  silicic 
ftcid>^ 

H,SiO,      H»,S1W,  IP,SiH)», 

all  of  which  forms  agree  with  many  kinds  of  salts,  both  natural  and 
factitious.  Thus,  there  are  threi*  precisely  similar  varieties  ol  silicate  of 
ethyl,  which  are  described  in  the  following  pa^e. 

Fluoride  of  Silicon  =  SiF  =  Sila  fiuorri.  \\  lu  n  this  eras  acts  upon 
water,  one-third  of  the  silicon  separates  as  hydrated  siiica,  and  the  solu- 
tion contains  hydrofiuosilicic  acid : 

SiF  +  SiF  +  SiF  1   ^  j  H,SiO 

+  HHOf  -  \HF-ha(SiF), 

This  product  HF  -\-  2 (SiF)  =  HSi*F*  is  the  hydrofiuosilicic  acid. 
The  H'  is  replaceable  by  many  other  basic  radicals,  which  replacement 
produces  a  variety  of  triple  salts,  called  SSioo-flwHdes, 

According  to  BeneHos^a  atomic  weights,  the  preceding  reaction  is 
comiDOiily  represented  as  follows : 

3SiF^  +  3HO  =  3HF.  aSiF*  4-  SiO*. 

In  this  equation  0  9  6»  and  Si  signifies  3  times  7  *  5  of  stlicon»  and 
this  triple  atom  necessarily  causes  a  triplication  of  all  the  other  dements 
that  are  concerned  in  the  reaction.  Bat  even  with  this  triplication,  the 
vepfeseDtation  is  not  aocnnite,  for  SiO^  represents  anhydrous  silica, 
whereas  the  experiment  produces  hydrated  silica,  which  demands  3  HO 
in  addition  to  what  is  scored  in  the  above  equation. 
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A  oomparisoii  of  these  two  equations  shows  that  a  great  sbspllfi- 
cation  of  fonnnls  Is  prodaoed  bj  adopting  the  small  atomic  weight  ftr 
silicon  ss  7-5.   I  may  adda  few  ezaiqiles  toahow  thiadiflMenoe^ 


SlLIOO-FLOORIDn, 

Of  Ammonimn  . 
Aluminum  . 
Barium    .  . 
Iron  (ferrous) 
Iron  (ferric)  . 
Copper  (cuprous) 
Ck>pper  (cupric) 
Mercorous 
Mercuric  .  . 
Hydrogen .  . 


•  aSiP 
AP  P .  2SiP 
jBa  P  .  aSiP 

~     "  2SiP 

2SiF» 

2SiF» 
2SiF» 
2SiF« 
aSiF* 


PropoMil 
Pormnls. 

ZH*S?P 
Ale  S?P 
Ba  SiT* 

Fe  8i*F« 
FocSi'F^ 
Cu  Si'F? 
Cue  Si«F* 
Hg  Si«F» 


HffcSi'F' 


Si*P 


3Fe  F 

jCu'F 

3CU  F 
3Hg-F 

3H  F 

The  analytical  form  of  the  proposed  fimule  Is  H'F  +  a(SiF)  where 
H'  is  the  replaceable  atom.  The  munes  of  such  sells  may  be  chosea 
to  suit  either  the  synoptical  or  the  analytical  formube;  thus: 

HSi'F*  =  Hydra  silen  fluor  no. 

HF  4-  (SiF)'    =  Hydra  Huoxa  bis  sila  fluura. 
FeSi*P  =  Ferrous  silen  fluorine. 

FecF  +  (Siiy  «  Ferric  flnora  bis  sila  fluora. 

Silicates  of  EthyJ.  I  have  quoted  the  composition  of  one  silicate  of 
ethyl ;  but  Kbolinc-n  luis  described  three  varieties  ((r»i«2«a'«  Htmdbook  of 
Chemistry^  viii.  47  8-81). 

Gmelin's  Formulae.    ProjHis<xi  Formula. 
Disilicate  of  ethvl      =  aC^HXD,  SiO«        C»H\Si  O 
Monosilicat^ofethyl  a   C*H*0,  SiO"  (C»K^)*,Si*0» 
bibilicate  of  ethyl      =   C^H^O,2.^iO'  (C*H^/,SiV 

These  three  varieties  of  silicate  of  ethyl  correspond  with  the  tfarea 
descriptions  of  hydrated  silicic  acid  refenc-d  to  at  page  503.  I  do  not 
however  admit  these  salts  to  l>o,  as  CoIdiioI  Yorke  suggests,  salts  of 
d^erent  addSf  bat  simply  diU'erent  kinds  oi  multiple  silicates : — 

The  Disilicate,  being    The  Monosilicste,  being    The  BisOicate,  being 


the  normal  salt : 
C*H*,SiO 


Ethyla  silate. 


a  triple  salt: 

r'^H\SiO 

c;•H^sio 


Bis  ethyhi  silate 
com  sua  silate. 


a  fivefold  salt« 

r'«H*,Sio 

Si  ,SiO 
Si  ,SiO 
Si  ,SiO 
Bis  ethyla  silate 
tris  sila  silatew 
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For  if  we  consider  a  difference  in  the  proportion  between  the  basic 
radicals  and  the  silicon,  or  between  the  sihcon  and  the  oxygon,  to  be, 
io  each  case,  the  indication,  or  the  proof,  of  the  existence  of  a  difierent 
silicic  acid,  we  must  prepare  oursdves  to  accept  of  al  least  a  hundred 
iSSisib  Acids^  for  it  woald  be  easy  to  point  out  that  number  of  varieties 
in  the  kmxiJim  of  well-knom  mumal  or  artificial  silicates^ 

SaioaU^AniyL  I  have  described  this  salt  bj  the  IbrmuUi  CH^SiO : 
Varrentmp  describes  it  as  3C>'H"O.SiO^;  Gmelin  as  aC^H"0,SiO* 
=  C"H"SiO»j  Gerhaidt  as  C*H*Wi*  =  4(G«irUSiO).  These  hieh 
Dtunbeis  result  aMy  firom  the  ftlse  estimate  taken  of  the  weight  of  tibe 
atom  of  silicon.  Gmelin's  Si  »  7*5  -f  a ;  the  others  =  7*5  +  }-  One 
of  these  numbers  causes  duplication^  and  the  other  triplication  ol  all  the 
elements  associated  with  the  sHicon. 


I  pass  now  to  the  consideration  of  Minerax,  Shjcates,  the  compo- 
sition of  which  I  propose  to  explain  in  accordance  with  the  notion  that 
MSiO  expresses  a  neutral  or  normal  silicate»  the  M  or  basic  r.Klical  in 
which  is  replaceable  by  hydrogen,  or  by  any  metal,  oither  of  the  basyl<  »ns 
order  or  basylic  order,  the  difierenoe  between  which  1  have  explained  at 

page  33- 

The  normal  silicates  thus  formed,  of  all  the  different  ordrrs  =  H,SiO, 
R,SiO,  and  Kc,SiO,  mn  combine  with  one  another,  and  also  witli  an- 
hydroTH  silica  =•  S1.81O,  and  with  salt^i  fonned  on  the  niodel  of  wat<T 
=  H,IiO,  H,M< ).  iiid  M,MO.    Thence  arise  all  the  varieties  of  natural 
and  factitious  siiicutes — ^nfutral,  acid,  and  basic. 

It  follows  from  tli'  NH  jireraises,  that  evert/  fnlirafe  rontitiiift  twice  (IS 
fji'iii'i  radi^ils  as  it  contains  atoms  of  oxygm,  Tlius  every  sun  pie 
silicata  is  jVLSiO,  and  every  complex  silicate  is 

R'Rc»Si'OS 

in  which  R  signifies  any  basylous  atoms,  such  as  H,  K,  Na,  Ba,  Fe« 
Mn,  &c,  and  Rc  signifies  any  basyllc  atoms,  such  as  Ale,  Fee,  Mnc,  &C., 
vHiiie  y,  are  o^ectivdy  equal  to  two  atoms,  the  quantity  of  oxygen 
being  one  atom. 

There  does  not  seem  to  me  to  be  the  slightest  prolxibility  that|  in  the 
formation  of  the  complex  siliciites,  there  is  first  produced  a  complex 
silicic  acid,  containing  a  multiple  number  of  atoms  of  silicon,  and  :hat 
this  compHex  acid  then  combines  with  an  eqnally  complex  base  containing 
a  multiple  number  of  basic  radicals.  On  the  contrary,  I  consider  the 
complex  silicates  to  be  formed  by  simple  sihcates  coniV>in<'d  with  one 
another,  atom  after  atom,  and  that  each  step  in  this  additive  juocess 
producrs  a  special  silicate.  I  ho\ye  to  make  this  notion  clear  by  means 
of  the  iormulffi  that  are  given  in  Table  L 
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TABLE  L  THBoasrncAi*  Constitdtion  of  Siucates. 


A. 

B. 

C. 

D. 

E. 

MMO  + 

SiSiO-h 

4MSi04- 

2MSi04. 

nMSiO 

r/SiSiD 

;<SiSiO 

nSiSiO 

M  M  0 

Si  Si  O 

Si  O  k 

M»  Si  0«  k 

M  Si»0«k 

M 

M*  Si*  0^  k 

>P  Si*  0*  k 

]ypsi*0"d 

M 

JUL 

fii*  Alb 

M»  Si*  0* 

W  Si*  0*  k 

M«Si*0*d 

M 

M*Si«0*k 

mpspcyk 

jnL 

Ol    Vr  EL 

M»SFO» 

JPSWd 

M 

Si"0" 

M»Sf  Ck 

M*SWk 

M^SWk 

M 

M»Si*Vd 

M 

SW 

M»Si'*0»k 

M«  Si"(y  k 

M 

Si'^C 

IH»  Si"0»* 

M*  Si»*0'M 

M»  Si'"0'M 

M 

M"Si'»0"k 

^T'"Si"0"k 

M*  Si'^O^k 

Si'^O" 

]M 

Si*0" 

M'»Si"0" 

M"Si'Y)'* 

Si"0'M 

M 

Si*^" 

M"Si"(_V'k 

M'«Si'*()" 

M*  Si'^J'^' 

Si^^O'^k 

ISI 

Si»0" 

M**Si"0'* 

M''-*Si"0'* 

M'  Si^^O'M 

Si*^()'* 

>I'\Si'«0'^k 

Si"0" 

M*  Si*«0'*k 

M 

Si"0" 

In  this  Table,  Si  »  7*5  .  O  »  16. 

Co^uiim  A. — It  18  sapposed  that  a  salt  fonned  on  the  med^  of  water 
a  M^O  combines  wiUi  a  nonnal  silicate  =  M,SiO,  atom  after  atom, 
to  prodnce  the  series  of  silicates  that  are  here  represented,  and  perhaps 
others  that  are  beyond  the  limits  of  the  Table. 

CoUmn  B. — In  tills  case  it  is  supposed  that  an  atom  of  anhydrous 
silica  =  Si,SiO  combines  with  a  nonnal  silicate  «=  M.SiO,  atom  after 
atom,  to  produce  another  series  of  silicates,  necessarily  differing  in  con- 
stitution  from  the  former.  The  salts  represented  in  Column  A.  all 
contain  a  small  excess  of  base.  Those  of  column  B.,  an  equal  excess  of 
acid. 

Column  C. — This  column  begins  \\\{\\  tlic  salt  M^Si'O*,  which  is  vsnp- 
pose<l  to  bo  transferred  from  column  1'..  and  to  have  l>eeu  formed  by 
the  addition  of  4MSiO  SiSiO.  The  Mj„.ration  is  now  considered  to 
be  reversed,  aiul  the  anliydrous  acid  SiSiO  is  added  instead  of  tlie  salt 
MSiO,  atom  bv  atom,  to  the  salt  MSSi'O*,  so  as  to  produce  the  series 
uf  superacid  salts  Lrivcn  in  tliis  colunm. 

Column  D.- — hi  tliis  ciuie  the  salt  M'Si*0^,  transferred  from  column 
is  increased  by  successive  additions  of  SiSiO,  till  it  forms  the  series  of 
salts  represented  in  the  Table.   Nearly  all  the  varieties  of    Glass  ** 
belong  to  the  silicates  that  are  inscribed  in  this  column* 

Coittfnn  E. — ^The  salts  depicted  in  this  column  are  produced  by  the 
combination  of  the  neutral  silicate  =  MSiO  with  successive  atoms  of 
anhydrous  silica  s  SiSiO*  The  salts  are  consequently  all  add  salts* 
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The  letter  k  frequently  inserted  in  this  Table  iDtimates  that  the 
silicates  so  marked  are  hnam  and  of  frequent  oocurrenoe.  The  letter  d 
sonifies  that  the  salts  are  duplicates,  and  that  simihur,  and  more  generally 
simpler,  fbrmake  will  be  feund  in  odier  columns  of  itie  Table. 

The  fbregoiiig  theoiy  is  now  to  be  applied  to  the  investigation  oT 
mineral  silicates. 


TABLE  n,  CoHSTiTvrnov  or  thb  Chut  YiBisniB  of  knows 

MlNSRAL  SlUCAim 


I. 

2. 

3 
4 

I 

7 
6 

9 

10 

II 

13 

»3 


A. 

Oxygen  of  the 
Base.  Acid. 
12 

9 
6 

4i 

4 

3 
a 

I 

I  I 

2  1 

3  » 


Rasuielsbero'b  Foumuus. 


B. 

'  Silioites  of 
Protoxides. 

RO,4SiO' 
RO,3SiO» 
RO,2SiO» 


c. 

Silicates  of 
Sesquioxides. 

R*0»,  9SiO» 
R*0",  6SiO» 


2R0.3SiO>  2R*0',  gSiO* 

3RO,4SiO»  IPO»,  4SiO» 

RO,  Si(?  RK)»,  3SiO» 

3RO,2SiO»  RW,  aSiO^ 

aRO,  Si(y  3R*0».  3Si(y 

3RO,  SiO*  R«0»,  SiCF 

4RO,  SiCF  4RW,  iSiO^ 

oRCaSiO*  iRW,  aSj(y 

6R0,  SiO*  aR^O^,  SiO* 

9RO,  SiO*  3RW,  SiO» 


POBMnL^ 

D. 

R«Si"0" 
R  Si»  O* 
R^Si'W 

R*Si''  0» 

RSi»0» 

R«Si*0^ 

R*Si«0» 

RSi  O 

RW(y 

R«Si*0» 

R*Si«<y 

R"Si  O* 


Eanumdsherg's  Nomendahire  of  the  above  SdUa^ 

I,  Fourfold  silicatCvS.    2,  Threefold  silicates.    3,  Twofold  silicates. 

t,  Oue-and-a-half  fold,  or  sesquisilicates.  5,  Four-thirds  silicates. 
,  Neutral  or  normal  silicates.  7,  Two-thirds,  or  half  bai^  silicates. 
B»  Half  or  basic  silicates.  9,  One^third,  or  twofold  basic  silicates. 
10,  Oae-fourth,  or  threefold  basic  silicates.  11,  Two-ninths,  or  three- 
and-a-hal^fold  basic  siiicates.  la*  Sixth,  or  fi?e-fold  basic  silicates. 
13,  Ninth,  orogfat-fold  basic  sOicates. 

In  Rammplsborgij  formula:,  S  =  22*5,  O  =  8, 
lu  column  D.,  S  =  7  •  5,  O  =  16. 

Fablk  II.  is  extracted  from  the  **  Einlcitung"  to  Rammelsbeig's 
HoMtvodrterbuch  des  diemtschen  Theils  der  Mineralogies  Berlin,  1841,  a 
work  of  great  utility  to  all  who  study  the  chemistry  of  mineralogy. 

According  to  Rammelsberg,  who  ^follows  closely  the  systf  in  of 
Berzelius  and  the  Berlin  school  of  chemists  and  mineralogists,  the 
silicates  are  divided  into  two  categones^the  silicates  of  protoxides^  and 


Digitized  by  Google 


508 


TUEOBT  OF  POLYBASIC  AND  OONJUQATED  ACIDS. 


the  silicates  of  sesquioxides.  These  require  the  ibrmoke  eihibited  in  the 
Table,  in  ooloiDOS  B.  and  (X 

/fUMHutibfis  miff^BtUd,  i].  The  atomic  weif^t  of  ailkoD  »  to  be 
feduccd  fFom  33' 5  to  7' 5.  3].  Theatomic  weight  of  ojgrgen  is  to  be 
raised  from  8  to  1 5.  3  J.  Kvery  aesqoioxide  is  to  be  considered  to 
contain  not  R*  but  Kc*,  that  is  to  say,  not  two  combined  basjloiis  atoms, 
but  three  separable  basylic  atoms. 

£^ect  of  these  InmwxtipM*  i].  All  the  formoke  in  colninn  B.  are 
transformed  into  those  represented  in  column  D.  2].  All  the  formula 
in  column  C.  are  transformcxl  into  those  rGprcsent»:xi  by  coliunu  D., 
cxcp])ting  that,  inst^nid  of  R.,  it  is  necessary  to  write  lie.  Hy  these  trans- 
funnations,  tho  fomiula'  that  represent  basylic  silicates  are  made  to  agree 
in  atomic  quantities  with  those  that  represent  l)asylous  silicates ;  whereas 
the  lurmulffi  of  column  C.  are  atomically  three  times  as  great  as  those  of 
column  B.  These  changps  are  of  importance  ^vhen  considered  in 
relation  to  what  the  ciiemical  mineralogists,  by  a  ]x*<*iiliar  figure  of 
speech,  call  rational  formula' ;  for  it  appears  to  me  iliuL  the  lormuLe 
which  commonly  bear  this  title  are  singidarly  irrational. 

Table  IH  (except  the  last  colmnn)  is  an  extract  finom  a  larger  Table 
of  the  same  kind  which  is  giyen  in  Kammelsbeig's  Drittes  ^pplemad 
zu  dm  HandwdrUrhwh  des  cAaRucAsn  TheSs  dor  Mumxdogief  Berlin, 
1847.    The  object  of  this  Table  is  to  show  the  relation  that  exists 

between  the  oxygen  of  the  water,  of  the  pfotozides,  of  the  sesquioxides, 
and  of  the  anhydrous  silicic  acid  contained  in  various  classes  of  silicates. 
I  have  added  the  last  column  to  show  my  view  of  the  constitutioa  of  the 
same  salts. 

The  alterations  which  I  have  made  in  the  atomic  weights  of  oxygen, 
silica,  ainmina,  &c.,  necessarily  aflbct  the  fomiulie  of  the  siIicat4  S  to  a 
great  extent;  but  there  \^  one  consequence  which  is  extremely  remark- 
able, and,  which,  though  it  follows  as  a  mathematical  necessity,  1  had 
not  foreseen,  and  first  noticeil  with  surprise. 

Rammel.s))erg  gives  in  this  TaV)le  simple  numbers  to  intimate  the 
relations  wiiich  the  oxygen  of  the  diiferent  radicals  of  the  sihcates  bear 
to  one  another.    These  are  stilted  in  column  B.  of  the  Table. 

2so\\\  according  to  my  atomic  weights,  these  uimibers,  just  as  they 
stand,  (and  the  observation  applies  to  the  whole  of  R^unmelsberg's 
Table  as  well  as  to  the  short  extract  ftom  it  which  is  given  as  a  spedmen 
in  Table  IH.) — these  nnmbera  express  ths  numbers  of  th^  fadioak  ikat 
are  preeeni  m  each  sSMXrts,  and  are  ecUeetiveli/  twke  as  ffreat  as  the  Mei 
mtmber  qf  ^  aiom  ef  aaesfgen^  CSonsequently,  ihe  fonnatkm  of  fbmnihe 
in  acoonUmce  with  the  radical  theory  is  simple  in  the  highest  degree,  as 
will  be  seen  on  comparing  the  fi>rmnkB  in  flie  last  column  of  Table  IIL 
with  the  formulae  in  the  preceding  columns. 

fiammelsberg's  fonnuls  as  given  in  this  Table  are  intouled  to  show 
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only  the  re]8ti?e  quantities  of  acids  and  bases  oontainedin  ihe  lespectiTe 
salts,  namely,  the  number  of  atoms  of  protoxides,  of  iJumtna,  of  suica,  of 
water,  Ac  The  formnbs  which  chemical  mineialogists  are  pleased  to 
call  Batiooal,  are  given  in  the  second  column  of  TaUe  IV. 

TABLE  IV.  Rational  Formula;  of  the  Silicates. 
Anhjfdrom  SUioates  voith  <m  Frotoxide, 

RAMMELBBBRa's  FOBICUXJE.        GbIFFTIV's  FoBMUIwE* 

Trisili^te oflime  CaO  ,SiO"  CaSi«0» 

Wottasfeonite.   .  30aO  ,aSiO^  Ca'SiX^* 

Gadolinite    .   .  3TO  ,SiO^  TSiO 

Williamite  •   .  ^ZnO  ,SiO*  ZnSiO 

At]gite(mangui.)  iBfnO  ,aSiO  Mn'SiK)* 

Phenaktte    .   .  36eO  ,2SiO*  G^Si^ 

Hydrous  SUicatm  with  one  Frotoxi'lf. 


H*.Mg*Si«0» 

Hriir.Si''0* 


ZrJ>iO 

Alc*Si«0» 
AlcSiO 


Heendnom     .  MgO  ,SiO"  +  HO 
Bioptase      .    .  3CUO  ,2SiO»4-3HO 
Silicate  of  mangar3MnO,S10*  +  3HO 

.  3O1O  ,4SiO»+6HO 

.  3AlK)».2SiO»  . 
.  AlH^*  .^SiO^ 
.  AW  ,SiO» 

Ifydrom  ^ilicaUa  toith  cm  Sssquioxide^ 

.  (5Aro»,Sia')+(AlW+3HO)HAldn5iW 
.  Al«a»  ,aSiO»  +  «H0  H«Alc*SiV 
.  AlW  ,3SKy  +  3HO  H«Al<?SiW 

Aiiltydrous  Silicates  with  secefal  Froto.rides. 

.  ((XMc^,Fo,:Mn)'0»,aSiO*  (Ca,Mg,Fe,Mn)«SiK)* 
.  (Mg,Fe)»(y,biCP  (Mg,Fe)SiO 
.  3CaO,2SiO'  4-  2(3MnO,2SiCP)Ca''Mn*Si'«0» 
.  3FeO,2SiO^  +  3(3MiiO,SiO*)  Fe«Mn*Si"0» 
.  3FeO,SiO'  +  3MnO,SiO»      FeMnSiH>»  * 

Anhifdnmi  8Sioate$  toUh  mend  SetqmmdeB. 

.  BeO»,4SiO'  +  2(Al'(>',2SiO*)  G«Alc*Si»«0" 

,  lvr)\3Si(J  4.  2(Al*0*,3SiO)  GAlc'SW 


Okeoite 


Cyanite  . 

Zircon 

Agiiliiiatolite 
Bamlit»3  . 
Buchoizite 


Worthite 

Erenite 

CSmolite 


Augite  • 
Olivine  , 
Biistamite 
Troostite  . 
Enebelite 


Beryl 
Ditto  . 
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Felspar  . 
Albite  . 
Loiicite  . 
Vesuvian . 
Garnet  . 


Anhydroua  iSilicatea  with  loth  Pivtoxides  and  Sesquioaiides. 

NaAieS'^/ 


3K(),2JmO-*  +  3(AlV,2biO") 
3KO,SiO»  4.R*0»,SiO» 


KAlc'Si'O' 

RRcSW 

RRcSW 


Hydrous  Silicates  with  both  Protoxides  and  Seffrptioxides, 


SUlbite 


CaO.SiO^  -f  A]«0»,3SiO»  +  6H0.  J^ammMerg. 
HWAlc»Si»«0".  OriffiH. 

(Ca,Na,K)0,SiO»+ Al'0*;2SiO'+6HO?  MammMtrsf. 
H*(K^a,U)'Alc'Si"0*?  Orifin, 

OiO,SiO>  +  AlW.SiC/ +  3HO.  JUmmiMay. 
HWAlt^W".  Gr^n. 

NaO,SiO"  +  AlW,SiO»  +  jHO.  ManmiMay. 
IPNa»Alc»SiW  Gnffin. 

^NaO.aSiO*  -f  3(Al»0*,2SiO=')4-6HO.  Maomdsberg. 
HWAieSW.  Griffin. 


H*Ca'Alc=*Si'0".  Griffin. 


Chabisite 
Scolezite  . 
NatroUte  . 
Aoalcime 
Laumonite 

Table  IV.  is  an  extinct  from  a  Table,  comprdieDding  all  known 

silicates,  which  is  given  in  the  second  volume  of  Rammolslx  rcr's  Hand' 
V)drttrbuchf  already  quoted.  In  the  second  column  of  tluB  Taljle  we 
have  the  so-called  **  rational  formula' of  the  difierent  silicates.  This 
tenn  is  used  to  signify  that  we  have  here  an  account  of  what  is  com- 
monly considorixl  to  bf  the  proximate  constitution  of  tho  sul 'Stances. 

In  this  Table,  tlio  rational  formulrr  arc  toleralilv  sini})]»\  excepting  a 
few  near  the  lower  end;  but  the  rational  formula,  co!t<tnict(d  for  maoj 
other  minerals,  are  excessively  complicated,  as  I  shall  j)resetitly  show. 

Let  us  endeavour  to  ascertain  what  is  the  actual  value  of  tlicae  rational 
luniuiLp.  Take  the  la^t  iu  the  list,  that  of  Laumonite,  as  an  example. 
This  mineral,  according  to  the  infomiati(»n  supplied  in  Table  111.,  con- 
tains ^CaO,  3A1«CP,  8SiO*,  12HO:  and,  in  Table  IV.,  tlic^  substances 
are  put  into  tlie  form  of  the  following  rational  Ibmiula?: 

3CaO,  aSiO"  -|-  3(A1V,  aSiO*)  +  laHO. 

For  this  dasisiBcation  of  the  elements  of  the  salt  there  is  no  evidence 
whatever.   First,  we  have  a  salt  in  which  three  atoms  of  lime  are 

assumed  to  be  combined  directly  with  two  atoms  of  silicic  add,  a  mode 
of  combination  which  agrees,  indeed,  with  the  law  lespecting  what  is 
called  **  combination  in  multiple  proportions,"  >mt  not  with  the  laws  of 
natore,  which  preside  only  over  binary  combinations;  nor  even  with  tht 
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law  of  Berzelius,  that  a  salt  must  contain  an  atom  of  acid  for  every  atom 
of  oxygen  which  is  presciit  in  thv  liase.  Then,  one  atom  of  this  irregular 
salt  is  assumed  to  be  combined  directly  witli  t/wce  atoms  of  anotlicr 
irregular  salt  in  which  one  atom  of  ulumiuu  A1*0*  is  stated  to  be  com- 
bined with  two  atoms  of  silicic  acid.  Finally,  there  are  twelve  atoms  of 
hydrogen  set  aside  as  water,  wiliioiit  any  attempt  to  prove  that  none  of 
it  exists  in  the  salt  in  any  other  jsondition.  The  foimnla,  therefore,  is 
cnumned  with  assomptions  that  are  taken,  without  evidence,  for  facts, 
and  its  use  is  to  make  difficult  of  comprehension  what  otherwise  is 
simple  and  dear — ^for 

Take,  on  the  contrary,  the  formula  which  ia  supplied  for  the  same 
mineral  by  the  radical  tiieory,  and  which  ia 

HWAlcPSiW* 

W'e  can  trust  this  formula,  l)Ocaus('  tlio  quantities  nw  tlie  leoult  of 
analysis,  and  because  every  radical  which  it  represents  is  known  to  hp 
the  equivalent  of  a  volume  of  h\ drogen.  The  compound  contains  eight 
simple  silicates,  which  the  formula  nuikes  known  at  a  g'lancp.  Nothing 
would  be  gaineU  by  couvtfrtuig  this  uniLaiy  fuiuiuia  into  a  rational 
fonnula : — 

Thus,  Or  thus,  Or  thus, 

Ca  ,SiO  Ca  SiO  +  HSiO  Ca  ,8iO 

AlcSiO  AlcSiO  4-  HSiO  3Alc,SiO 

AlcSiO  AlcSiO  4-  H8iO  4H  ,SiO. 

AlcSiO  AlcSiO  +  HSiO. 

H  ,SiO 
H  ,SiO 
H  ,SiO 
H  ,fc)iO. 

These  fonnnke  are  useless,  because  all  the  information  which  they  give 
is  given  at  a  glance  by  the  unitary  fommla  without  needless  disfilay. 
And  that  great  advantage  results  from  giving  to  all  the  elements  of  the 
silicates  such  equivalents  or  atomic  weights  as  level  the  whole  to  uni- 
form simplicity.  I  do  not  admit  of  the  existence  of  sesquioxides  in  sili- 
cates. I  recoi^nibc  therein  the  prf  sence  of  salts  formed  on  the  model  of 
water  =  H,H( ) ;  M,SiO,  v^c,  and  tlieso  alone. 

IV'fore  I  conclude  the  description  of  Laumonite,  I  may  point  out  tiie 
(linerencf  that  exists  between  the  numU-r  of  atoms  wliicii  are  deniandrd 
by  Berzehu^'s  notation,  as  emploveil  by  Rarnnielsberg,  to  represent  the 
composition  of  tliat  miueml  and  the  number  which  is  demanded  by  the 
radical  theory. 
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ELEMBim. 

Ca .  •  • 

U  •  •  • 

Al.  .  . 

Si  .  .  . 

O  ,  ♦  . 


No.  of  Atom 
in 

Hamtnelsbefg'ft 

*  3 

13 

6 
8 

•  48 


Ko.  of  Atoms 
whtn  Corrected 
for  new 
Atomic  Wdghtau 

3 

12 

9 

H 
H 


No.  of  Atoms 
afttr 

Division 
by  3. 

I 

4 

3 
8 

8 


77  72  24 

A  glance  over  the  preceding  Tables  will  show  tlmt  this  great  rednctkit 

in  the  number  of  atoms  takes  place  generally  when  the  formnbB  aie 
recast  to  suit  the  radical  theory ;  and  it  affords  a  powerful  aigument 

against  those  absurd  and  troublesome  marplots — the  sesqnioxides,  to 
the  imagintKi  presence  of  which  the  formula?  of  the  natural  siliaitt-s  are 
indebted  for  most  of  their  extravn^^ance.  So  Ions;  as  chemical  mineralo 
gists  persist  in  introducing  sesqnioxides  into  their  foimulae  of  .siliciiteri ; 
so  long  us  they  continue  to  patronize  the  doctrine  of  combi nation  in 
multiple  projwrtions  ;  so  long  as  they  exchule  from  their  comprebensioo 
the  facts,  that  a  siHcato  is  a  very  tiimple  salt,  and  that  simple  silicates 
combine  with  one  unotlier  to  make  complex  sihcat<^s ;  jiLst  so  long  niusi 
their  ''rational"  formula:  be  models  of  uTational  modes  of  thought;  jiiit 
so  long  must  they  be  fancy  sketches, — based  upon  guesses,  incapable  of 
proof,  unworthy  of  credit — pozzling,  useless,  obstructive. 

COMFLBX  SlUGAXES. 

I  will  quote  a  hvr  examples  of  complicated  silicates*  to  show  in  what 
manner  the  new  method  of  notation  is  qualified  to  meet  the  difiicalfeies 
which  they  present. 

AuoiTB. — In  the  foregoing  Tables  I  have  quoted  (lie  maDgaaeie 
augite  s 

3Mn(  > ,  2  S lO*  JRammMmy, 
Mn*i5i*U»  Gnjfiiu 

The  manganese  of  this  mineral  is  subject  to  be  replaced  by  Ca,  ^ig, 
Fe,  in  various  pioportionSi  without  any  other  change  taking  place  in  the 
composition  of  the  minenil.    Consequently  these  varieties  are  obtained: 

a.  Mn*      Si*0»  e,  {Cn'Muy^iH^ 

h.    Ca'Mg*  Si*0»  /.  (Ca'Mg^Fe')*  8i*0* 

c.  Ca'Fe'    S i^)^  ff.  (Ca,Mg,Fe,Mn)*Si*0» 

d.  (Mn^Fe'ySi^O" 

Examples  of  RammeUbeig's  formula  for  these  minerals 
For  6.     3MgO,aSi<y  +  3C2aO,aSi(y. 
For/.  2(3MgO,aSiO»)  +  3(30aO,aSiOO  +  3FeO,3SiO». 
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Tbe  oondensed,  or  synoptical  fbnnala  /,  can  be  easily  expended  to  an 
analytacal  formula  representing  whole  atoms,  as  follows : — 

30a  ,SiO. 

R*Si^*0*  s  •  ^p^^glQ*       making  this  change  of  ibrmula  it  is  to  be 
3  Si  ]siO.' 

observed  that  the  ba.sic  purtion  of  formula  /,  namely  (Ca"Mg*Fe')*,  sig- 
nifies  C:iJ,MgJ,F(,'^,  of  two  atoms.  If  these  fractions  arc  made  into 
whole  numbers,  the  two  atoms  become  six  atoms,  or  are  iiuiltiplied  by 
three,  in  which  oise  the  silicon  and  the  oxygen  of  die  salt  niust  also  be 
multiplied  by  three. 

ChabjiSITE. — Among  many  formulae  for  this  mineral,  Rammelsbeig 
gives  the  foUowing : — 

[3CaO,2SiO»  -f  3(AlW,2SiO")  -f  i8H0] 
4-  2[3NaO,2SiO'  +  3(Al«Ce,2SiO")  +  18HOJ. 

This  formula  contains  the  following  ultimate  atoms :  3Ca,6Ka,54H, 
i8Al,24Si,i620,  in  nil  267,  When  the  atomic  woiqhts  are  corrected, 
they  become  3Ca,6Na,54l^,27  Alc,72Si,8i()  ;  in  all  243.  When  these 
corrected  numbers  are  uniformly  divided  by  9,  they  produce  the  following 
ibrmula 

H«(Na•Oa»)»Alc^Si\)«. 

Gmelin's  formula  for  this  soda  chabasite  (which  is  also  called  G melinite) 
is  =  2NaO,iCaO,3Al*0*,i28iO*,i8HO.  This  formula  is  equivah-nt  to 
the  above.  His  formula  for  Ume  chabasite  is  iNaO,3CaO,4AlH>,i6jSiQ^, 
a4HOy  which  produces  the  formula — 

IP(Na»Ca*)»AId»SiH>», 

It  is  remarkable  that  Gmelin's  two  formoto  differ  00D8i<ferebIj  in  thr 
proportions  of  silica,  aliimuia»  and  water.  Yet,  when  they  are  recast  to 
suit  the  radical  theory,  thejr  harmonize  exactly,  and  prove  that  the  actual 
differ^ces  between  the  two  salts  exist  only  in  the  quantities  of  sodiom 
aod  calcium,  all  other  elements  remaining  the  same.  Tiie  new  formnlss 
show  this  fiict  significantly :  the  otheis  conceal  it 

ComDare-  HVNa-Ca»)»AkPSiW, 
Ujmpare-  H«(Na»Ca«)«Al<i^5iW, 

aNaO,iC5aO,3AFCf,i2Si<y,i8HO. 

.  iNaO,3CaO,4AWy,i6SiO*,24HO. 

U^xjn  first  l(X)kincT  at  the  last  two  formulic,  it  seems  impossible  that  the 
minerals  can  agree  precisely  with  one  another  in  their  proportions  of 
livdrogen,  aluminum,  silicon,  and  oxygen  ;  yet  they  do  so,  and  bv  doing 
so  they  show  how  fimlty  is  the  existing  theory  which  succeeds  in 
smothering  fiurts  of  such  importance. 

2  L  2 
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Vesuvian.  Mxrasc.  Gmelin  gives  creneral  formula  3G11O, 
2SiO*  +  Al*0',SiO*.    This  becomes  i-ednr  .  1  t</  0aAlcSi*O». 

Kammelsberg's  formula  i&  iR0,Si(f-^ii'0\SiO'i  which  yields  the 
same  result 

Gmelin  gives  the  following  formula,  which  exhibits  the  vicarious 
element*?  of  this  mineral. 

AqCiiCX  5MgO,  2FeW,  i6Al»0%  54SiO*,  with  an  atomic  weight  of 
^iiy  2,    This  formula  j^ermits  the  following  redactton : 

Mg   Fe    Al    Si  O 
4g      5       A     52     5421^  =  Gmelin's  ntoms. 
49     5      0    48  108  108  =  Aiter  correcting  the  atomic  weights. 

54         54  Toi^ToB 
7  I       2      2  s  Division  by  54* 

Hence  the  formula  of  this  complicated  salt  is  In  round  namben 
Ca^ Alc^SiW,  or,  with  almost  perfect  accuracy : 

fSCaSiO 
iMgSiO 
SAIcSiO 
liFecSiO. 

FUCHSITE.  Dr.  Schalliautl  suppUes  the  follow ing  formula  fur 
Kuclisite  {^Gmdin's  Clteimatry^  iii.  4)0). 

38  (3KO,  SiO»)  4-  2  (3NaO,  SiO^  + 
360  (Al«0»,SiO»)  4-  24  ((VO»,  3SiO")  4- 
18  (MgO,SiO^)4- 13  (FeW,  ^SiCP)  4- 
9  CaF«. 

IVavo!  This  is  the  ne  plus  ultra  of  chemical  accuracy!  So  charming 
a  performance  deserves  an  attentive  examination.  The  ultimate  atoms 
here  represented  are  114K,  6Na,  l8Mg,  24Fe,  480,  72oAi,  32681, 
29040,9(^1,  18F;  in  all  4387.  When  tlie  atomic  weights  are  cor- 
rected, the  number  of  atoms  bt'comes  4383,  and  they  pennit  of  arrange- 
ment into  sim|)le  silicates  in  accordance  with  the  radical  theoiy  as  follows : 

1080  AIc,i>iO) 

72  Crc,SiO I  =  1 1 88  =  9(Alc"Crc*Fec*)',SiO 

36  FecSiOj 
18  l\Ig,SiOi 

114  K  ,Si0U  138  =  i(  K»WMg»  y,SiO 
6  Na  ,SiO  j 

126  Si  ,SiO  «  1 26 SI    Si  ,SiO 

1452    Neutral  silicatea. 

=  (KNaM^)'(AIcC«sFec)^i"0"4-V,CaF; 
neaily  equal  to  KAJc*Si'*0"4^JyCaF,  and  not  very  far  from  AlcSiO. 
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These  details  show  that  Dr.  Schafhautl's  giaot  formula  is  of  no  more 
use  than  the  shortest  possible  formula.  The  affectation  of  marvellous 
aocniacj  in  analysis  which  this  ft>rmula  displays,  goes  for  nothing, 
because  we  know  that  such  a  d^ree  of  aocunKy  is  beyond  the  power 
of  human  manipulatioiu  The  short  formula  gives  us  an  idea  of  the 
composition  of  this  mineral.  The  comprehension  of  Dr.  Schafhautrs 
formula  is  about  as  easy  as  the  comprehension  of  the  distances  of  the 
fixed  8tars»  expressed  in  lines  or  millimetres. 


Th^e  examples  are  sufficient  to  show  in  what  manner  I  propose  to 
formulate  the  natural  silicates.  I  double  the  atomic  weight  of  the 
oxygen ;  reduce  the  atom  of  silicon  to  one-third  of  Berzdins*s  number  or 
to  one^hslf  of  Gmdin's  number ;  and  dismiss  the  sesquioxides  in  a  body. 
The  formulae,  written  on  the  modd  of  (R'Rc^Si')^)',  l^en  become  simple 
and  uniform. 

It  may  perhaps  be  objected  that  the  formulie  whidi  I  recommend  for 
the  designation  of  the  silicates  are  unitary,  whilst  I  have  in  other  sections 
of  the  woric  strongly  objected  to  the  use  of  unitary  formnlse.  I  reply  to 
that  objection,  that  the  formube  of  the  sUicates  are  unitary  by  necessity, 
and  tlmt  nevertheless  they  difo  entirdy  in  nature  fironi  the  unitar)' 
formuIflB  which  are  often  applied  to  the  hydrocarbon  salts.  In  the 
next  section  I  shall  show  that  the  unitary  foimulv  C'^H'*0*  exhibit  the 
composition  of  sixteen  different  salts,  which  contain  sixteen  difierent 
basic  radicals,  and  sixteen  different  acid  radicals ;  the  presence  and 
composition  of  not  one  of  which  can  be  inferred  fiom  the  inspection 
of  the  formula  C"H*^".  No  such  difficulty  can  possibly  occur  from 
the  use  of  the  forrauke  which  I  have  recommended  for  the  silicates. 

I  do  not  enter  upon  the  consideration  of  the  Classification  and 
Nomenclature  of  the  Silicate's.  Tlie  rmnibor  of  vicarious  atoms  w  liirh 
they  contiiin  rondors  the  construction  of  a  convenient  System  '.\nd  the 
application  of  a  correct  Nomenclature  a  matter  of  difficulty,  iur  the  dis- 
euasion  of  wliich  no  space  is  left  in  this  volume. 


With  this  section  I  conclude  my  InvestigBtion  into  the  oonstitntion  of 
the  polybasic  and  conjugated  adds;  not  because  the  subject  is  ex> 
hausted,  but  because  the  figure  at  the  top  of  this  page  warns  me  of  the 
necessity  of  bringing  the  discussion  to  a  conclusion.    I  set  out  with  the 

expression  of  the  opinion,  that  every  nonnal  salt  is  a  binary  coni{)ound, 
consisting  of  one  basic  radical  and  one  add  radical.  1  liope  that  the 
facts  and  arguments  which  I  have  advanced  in  the  course  of  the 
discussion  will  have  satisfied  the  reader  that  this  opinion  was  advanced 
with  reason.  It  is  a  point  of  considerable  importance  in  chemical 
philosophy.  Conjugated  and  poly  basic  acids^  like  complicated  organic 
bases,  are  obstacles  to  the  progress  of  chemical  sdenoe.    I  have 
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endeavoured  to  expose  the  fallacies  upon  which  tlu  y  are  ibcinded,  and  I 
shall  rejotee  if  that  exposure  helps  to  destroy  their  credit 


The  Aluminous  and  Aluminic  Badicak. 

In  the  Table  of  Atomic  Weights,  I  have  ascribed  two  e^]uivalents  to 
Aluminum:  the  aluminous  equivalent,  Al  a  I3«65«  and  tlie  aluminic 
equivalent,  Ale  a  9.1 ;  the  latter  oorrespondi^  to  the  ferric  atGrn, 
and  the  former  to  tlie  ferrous  atom. 

I  have  been  induced  to  suggest  two  equivalents  of  aluminum,  in  con- 
sequence  of  the  results  of  the  recent  experiments  of  Mr.  Crum,  one  of 
which  is  represented  in  the  fallowing  diagram : 

AlcS(y 
AIcSO*  + 


AlcSO* 

Pb,CfWO" 
Pb,(?HW 


Pb,SO*l 
Pb.SO«l  4- 

AI,C«flW 


Kamely,  an  atom  of  the  compound  commonly  callwl  Tennilphate  of 
alumina,  mixed  witii  3  aLoiiLS  ui  ac»ui;»'  of  leatl,  ]in  duce  3  atoms  of  sul- 
phate of  lead,  I  atom  of  hinacotate  ol  aUanina,  and  i  atom  of  frc-e  act-iic 
acid.  That  is  to  say,  as  much  alumina  a^j  saturates  3  atoms  of  sulphuric 
acid,  can  saturate  only  2  atoms  of  acetic  acid. 

I  am  inclined  to  explain  this  result,  by  supposing  that  the  3  aluminic 
atoms  in  the  sulphate  are  ccmverted  during  the  process  of  double  decern- 
position,  into  two  aluminous  atoms,  which  take  up  two  atoms  of  aoetie 
add,  and  leave  the  third  atom  fiee.  The  free  acid  is  left,  liowe?cr, 
without  a  base.  If  it  takes  H  from  the  water  of  the  aolutioo  to  sopplf 
that  want,  either  oxygen  must  be  libmted,  or  puoxide  of  hydieigcii  be 
dissolved  in  the  mixture.  Thus: 

CWO«  +  HHO  =  H,C*H'»0« -f  HO, 
,    C*H»0«  ,  jra^      H,C*H^*  ,  ^ 
or  else,  -h  nuu  a  H.CH  V^^* 

This  assumption  of  two  difToroTit  radicals  of  aluminum  is  countenaziced 
by  other  facts  detected  by  Mr.  Gmm,  namely,  that  there  are  two 
hydrates  of  alumina  possessed  of  very  different  properties,  and  that  the 
acetate  of  alumina  can  be  so  altered  by  heat  as  to  lose  its  power  of 
acting  as  a  mordant.  I  am  not  able  to  say,  that  the  aluminous  atom,  as 
distinct  from  the  aluminic  atom,  certainly  oxists ;  but  Mr.  Cnini's 
rosean-lios  certainly  ])oint  towards  siich  a  concluiuon,  and  are  difficult  o£ 
explauation  on  the  ordinary  theory  of  salts. 
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My  fiiend,  Mr.  W.  D.  Clark,  has  communicated  to  me  another  fact 
which  aeems  also  to  point  to  the  conclusion,  that  there  are  two  different 
oxides  of  aluniinain.  If  a  quantity  of  calico,  mordanted  with  alumina, 
is  boiled  with  a  quantity  of  madder  a  littU  too  ymall  to  dye  the  cloth  of 
a  desired  colour,  the  operation  entirely  iails.  The  cloth  does  not  t  l  tain 
a  faint  sliade  of  the  desired  colour,  corresponding  with  the  insuficient 
quantity  of  madder^  but  there  is  produced  an  entirely  different  compound 
by  which  the  cloth  is  sometimes  spoiled.  This  result  seems  to  show  it 
to  ))e  po»;siblo  to  convert  the  Mordanting  oxide  of  aluminum  into  the 
Kon-mordantmg  oxide  even  after  its  combinati(Hi  with  vegetiible  fibre. 
These  facts  nre  quite  in  accordance  with  the  tiieory  which  I  have 
advanced  rej^pecting  the  truDsmutability  of  basyious  and  basylic  radicals. 


Thoughts  on  the  Origin  and  Metamorphoses  of 

Organic  Badicals. 

A  great  proportion  of  the  solid  mass  of  plants  consists  of  com]X)aQd8 
which  contain  carbon  united  to  those  proportions  of  oxygen  and  hydrogen 
that  are  necessar)'  to  compose  water.  C  -f-  HHO.  We  can  accoimt  for 
the  production  of  such  compounds  by  assuming  that  water  and  carbonic 
acid  combine  together,  under  separation  of  the  quantity  of  oxygen  which 
is  not  required  for  these  organic  compounds.  Tlie  separation  of  tlu- 
oxygen,  and  the  combination  of  the  residties  appear  to  take  place,  under 
circumstances  wliich  I  shall  state  more  explicitly  hrrcafter,  in  tlie  < ells 
ttpon  the  leaves  of  the  plants  which  are  ex}K»sed  to  sunshine. 
000  4-  HHO  give  off  00  and  produce  CHHO.  This  product  a|)]xurs 
to  me  to  be  the  oxide  of  the  impoi*tant  neutJ'al  radical  which  1  have 
called  Vinyl  =  CH*.  Accordingly,  I  projxse  to  give  to  this  compound 
the  fonnula  GIPO,  and  to  caH  it  )  xvylatB, 

The  relation  borne  by  vinylate  to  certain  important  neutral  vegetable 
snbsstances  majr  be  expressed  as  follows : 

CH^^.  Vinylate.    This  is  tlie  composition  of  Fructose,  sugar  of 

fruits,  or  grape  sugar. 
C     (CH«0y.  Dried  milk  sugar. 
C-f  (CHT)/-i-HiiO.  Milk  sugar,  undrie<l  =  CH«0. 
C  -f-  (CH^O)*.  Starch.   Cf»llulose.  Woods  filire  (llax,  cotton,  jiajjer). 
C     (CITO)*  4-  11H0,H1I0.    Glucose.  '  {Starch  sugai-  =  (CHK)/ 

+  Aq. 

C  4-  (CH*0)*.  Ligiuii,  but  which  is  of  variable  composition. 
C  -f  (CH'Oy.  Inulin. 

G  +  (CH^)'^  CSane  sag^.   Arabin  (gum  arable)* 
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The  above  important  compounds,  comprehending  woody  fibre,  the 
gums,  starches,  and  sugars — tlie  soUd  structure  of  trees,  and  the  sweet 
jmces  of  fhiits,  seem  to  be  all  reducible  to  compouods  of  vioylate  anited, 
atom  after  atom,  to  a  single  atom  of  carbon  ^  G  -f  CH*  +  CU*  + 
CH*,  &c. 

Whea  these  compounds  lose  their  single  atom  of  carbon,  they  are  all 
reduced  to  the  condition  of  vinylate  or  grape  sugar.  Thus,  when  cane 
sugar  is  acted  on  by  an  alkali  or  an  acid,  the  atom  of  carbon  is  removed 
and  grape  sugar  remains.   So  also  when  starch  or  wgody  fibte  is  acted 

on  by  an  add,  the  atom  of  carbon  is  removed,  and  grape  sugar  or 
vinylate  remains.  It  would  be  an  im];)ortant  discovery  in  the  chemical 
art8»  could  we  find  a  metliod  of  combining  with  a  multiple  of  grape 
sugnr  this  odd  atom  of  carbon  which  converts  it  into  starch  or  into  cane 
sugar.  But  at  prosont  our  clioniiciil  power  is  limited  to  XiiQ  decomposition 
of  the  higher  orders  of  org-auic  comjwunds.    We  cannot  jrcompose  them. 

It  a})pears,  from  these  consid'  nitinns,  that  vinylate,  or  the  simplest 
form  of  sugar,  is  the  nutritive  prmciple  of  plants^  the  mat/*rial  which  i;*; 
employed  to  form  tiie  various  radicals  which  the  dilierent  orders  of 
]>lant«*,  and  the  dilierent  organs  of  each  plant,  demand  for  their  supjnjrt. 
The  nietam<iri)lios^^s  of  the  sugar  probahlv  takes  place  in  the  ci'lls  of  ih*- 
green  leaves,  of  tlie  blossoms,  or  of  tlie  fruit;  in  those  jxuts,  namely, 
wiiere  it  is  aeteil  u|>on  by  the  light  and  heat  of  the  sua,  and  where  it  k» 
able  to  disengage  its  superfluous  oxygen.  It  is  difficult  to  fonn  a  preciae 
idea  of  the  processes  by  which  this  dkange  of  sugar  into  radicals,  or  into 
salts  composed  of  radicals,  Is  efiected.  Probably  the  walls  of  the  cells  in 
which  the  operations  oocnr  consist  of  azotic  substances,  which  give  them 
the  power  of  galvanic  batteries.  It  is  poesibie  that  the  azotes  of  those 
cells  may  be  endowed  with  very  active  powers,  and  may,  according  to 
certain  conditums  of  osmose,  regulated  by  light,  heat,  air,  and  water, 
run  incessantly  backwards  and  ibrwavds  through  its  various  charactesDS  of 
amidogen-,  ammonium-,  and  (^anogen-finmer,  and  thus  repeat  in  each 
particular  cell  those  processes  of  construction  and  transformation  of 
radicals  which  I  have  endeavoured  to  describe  and  classify  in  treating  of 
the  theory  of  azotic  radicals.  Millions  of  such  cells  exist  in  a  tuft  of 
grass  or  the  twig  of  a  plant.  It  is  known  that  they  are  azotic ;  it  is 
known  tliat  .i/otic  cells  hav(>  a  })o\verful  action  even  on  dead  vegetable 
matter  (as  in  fermentatinji)  :  it  is  known  that  ]»]ants  grow  vigorously 
after  a  thunder-storm  :  and  these  conditions  are  all  favourable  to  the  idea 
that  the  conversion  of  sugar  into  compound  radicals  is  the  work  of  azote, 
acting  with  intense  electrical  force  in  the  ceils  of  plants  exposed  to  air 
and  light. 

When  tlic  oxygen  is  disengaged,  the  residue  of  the  com]X)nents  of 
sugar  can  produce  an  astonishing  variety  of  radicals  which  diller  accord- 
ing to  the  wants  of  the  plants,  or  to  other  special  circumstances  which 
lead  to  their  production.   I  will  quote  a  few  instances. 
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a).  When  jaigonelle  pears  are  in  course  of  ripening,  the  compound 
which  gi\es  them  their  odour  and  flavour  is  produced  by  the  metamor- 
photfis  of  7  atoms  of  CH*0  minus  O*.  The  product  is  C*H",(?H'0^ 
which  I  may  call  amyla  aoe^kte,  or  the  acetate  of  amyl,  a  componnd 
which  is  DOW  made  artificially,  and  sold  under  the  name  of  pearoil  or 
essence  of  jurgonellea.  In  the  production  of  tiiia  essence,  one  atom  of 
sqgBT  J8  divided  into  H  +  CH.  5  atoms  of  CH'  then  become  attached 
to  the  odd  atom  of  H,  prodadng  amyl  ss  CPH",  and  i  atom  of  CH'  to 
the  atom  of  CH,  -producing  acetyl  :=  OW,  For  this  salt,  and  for  all 
the  salts  of  the  vinyl  series,  only  two  atoms  of  oxygen  are  required,  so 
that  all  the  rest  of  the  oxygc >n  belonging  to  the  atoms  of  vinylate  which 
are  required  to  produce  the  salt  must  be  disengaged. 

All  the  ethereal  essences  which  give  iragrance  and  flavour  to  ripen- 
ing frfjifN  appear  to  be  produced  in  the  same  manner.    Thus  : — 

CMl^'X/,  the  residue  loft  by  the  expulsion  of  from  five  atom?  of 
sug-ar,  pnxluct  s  (  "}1',C^H^0'  =  methyla  l)utyrylete,  or  the  butyrate  of 
methyl,  which  is  the  essence  of  the  a|)ples  called  rennets. 

C**H*"C)*  produces  C^H",C*HW  =  ani>'la  valerylete,  or  valerianate  of 
amyl,  the  essence  of  other  varieties  of  apples. 

CTi'^U'  produces  C*H*,C*HW  =  cthyla  butyr)  lete,  or  the  butyrate 
of  ethyl,  the  oil  whicli  yields  the  ilavour  of  the  pine-apple. 

C"H**0"  prcxluces  C^11*,C?'H'^0"  =  ethyla  pelargylete,  or  tlie  pelaigo- 
nate  of  ethyl,  which  is  the  essence  of  quinces. 

CPH*^  produces  CfH*,(7H*^)*  »  ethyla  oenanthylete,  or  cenantfaylate 
of  ethyl,  an  oil  which  gives  flavour  to  Hungarian  wine.  It  is  probable 
that  the  flavour  of  many  wines  may  thus  be  imitated. 

The  metamorphoses  of  sugar  into  these  firagrant  essences  is  only  a 
single  example  sheeted  irom  a  multitude  of  possible  changes.  The  Table 
of  Examples  on  the  following  page  exhibits  a  more  enlarged  view  of  thesa 
interesting  metamorphoses. 
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Products  of  the  Meiamorfhoses  of  Sugar. 


From  C*WO* 

4  atoms  of  Sugar 
minus  0*. 

H  .C^HW 
C'H«,C'H»0« 
C«H*,CH»0* 

C»H^C'H»0« 


From  C"H'«0« 

=  8  atoms  of  Sii^r 
minus  O'. 

H  ,C"H'»0« 
C'H»  ,C'H"0" 
C?H*  ,O'H"0« 
eH7,C*H'0« 

C*H»,C»H»  O* 

C7H»  C*H>  O" 


From  C'«TI«^Os 
=  1 2  atoms  of  Snirar 
minus  O'". 

H  ,C"H'H>« 
C  H«  ,C"H'"(  )'' 
C  H*  ^C'^H'^O* 
C»  IT  ,C?  H''0« 
C*  H»  ,C«  H' V 

C»H«C*H"0' 
(7H«C»H»(y 
C•H'^C•H'0• 

C»H*,C'  H»  0* 


From  nnv^o^ 

=  j()  ati'iiis  of  Sugu 
minus  U-*. 

H  ,C"H»*0" 

C  H*  ,C"H«W 
C  ,C»H«0« 

C"H«',C»H«0' 
C»H~<7H"0» 

C'«H»*,C*  IF  0« 

C'-'H^CMPO* 


From  C*H^  =  30  atoms  of  Sugar  miDus  (F. 


H  ,G«Hn)^  Hydra  mdissyiete. 
<?H»,CrH«'<yMethyla  ? 
C"H»,C«I»O^Ethyk  ? 
€•  HT  ,(?'H"0^  FtopyU  cerotylete. 

C*  H"*  ,e»H"0»  Butyla  ? 
C>H",C**H*WArayla 
C  Tl"',r*«H*:o»  Hoxvla 
C^H'^CTP^O«Heptyla 

C  H'",C*'IP'0«  Nonyla  behenylete. 
(MOH«>  c^-ipoi  Decatyla  arachylete. 
C"H«,C'»H''0«p:iuleratylabalenvlctP 
C'^H**,C'"H^X)^  Dodccatyla  stoan  letc 
C'^H^C'H^       ?  margarxletc 
CUH«,C»«H"0*       ?  polmityiete 


? 
? 

? 

9 


C*^",C»*H«'O^Cetyla 
C!»H»,C«ff»0»  ? 

C"H»,C"H«'0»  ? 

C^lI^C^H*0«Ceryla 


benykte* 

myrisfylelfc 

oocinylete; 

laoiylete. 

maigaritylete. 

nitviete. 

pelargylete. 

capryletc. 

cenanthyletei 

caproylete. 

valerylete. 

butyn-lete. 

propionylete. 

acetylete. 

formylete. 


The  sign  f  IncHcates  tliat  the  radicals  are  undisoorand  or  TOmtnwui. 
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According  to  this  Table,  the  nietiiniorplinsf"^  of  ^  atoms  of  .siio;ar  can 
produce  4  ililierent  complete  salts,  each  with  a  dillerent  acid  radical  and 
a  difi'erent  b;isic  radiail.  Which  of  these  ihur  compounds  is  producible 
on  anv  giveu  occitsiou,  depends  upon  the  wants  of  the  plant,  nj^on  its 
power  of  metamorphoBeB,  or  upon  other  causes  which  it  is  impobhtbie  to 
specify. 

In  the  same  manner,  8  atoms  of  sugar  produce  8  diflirent  salts. 
12  atoms  of  suc^ar  pnxhice  12  dili**Riit  salts.  16  atoms  produce  16 
Siilts.  30  atoms  piuduce  30  s<Uts.  Hence  it  appears,  that  anv  number 
of  atf^ms  of  sugar  can  produce  by  metamorphoses  an  equal  number  of 
Uifierent  sidts. 

Several  particulars  resulting  from  these  obser\'ations  require  notice. 

a).  In  all  the  groups  of  this  Table,  every  acid  radical  is  combined 
with  a  diflereot  bi^  radical.  This  &cfe  pvortt  that  these  radicals  are 
exchangeable  or  equivalent,  and  that^  whatever  their  composition,  how- 
ever high  or  however  low  th^  stand  in  the  scale,  thehr  power  of  neu- 
tnlisation  is  the  same.  Every  radical  in  the  series  is  chemically  equiva- 
knt  to  everj  other  radical,  and  the  replacement  of  the  most  complex  by 
the  most  simple  is  attended  by  no  change  in  neatrali^.  In  the  year 
1845,  Professor  Hofmann  expressed  opinions  that  were  aotagonisttc  to 
these  fiEurts.  '*  By  organic  base,  in  the  strict  sense  of  the  word,  I  onder- 
stand,  with  Liebig,  tlutt  class  of  ccnnpofand,  azotised  bodies,  which  pos- 
sess all  the  properties  of  basic  metallic  oxides.  The  oxides  of  ethyle, 
metliyle,  &c.  are  not  included,  as  the  most  common  character  of  salts  is 
wanting  in  their  compounds,  viz.,  the  replacement  of  their  acids  by 
other  acids,  and  their  bases  by  other  bases.*'  Memoirs  <tf  the  Chemical 
Society/,  ii.  268.  In  the  year  1857,  Professor  Hofmann  may  probably 
be  induced  to  abandon  these  opinions,  opposed  as  they  are  to  innumerabte 
fects  which  prove  that  ethyl,  methyl,  «c.,  are  true  radicals,  each  pre- 
cisely equivalent  in  basic  power  to  the  most  complicated  ammoniums. 

5).  Wo  perceive  the  utter  \yr)rf})h'^'^r)fs^  of  unttwy  foi^iulce  as  applied 
to  organic  s.dts.  The  fomiula  C'*'H"*^'^  applied  to  a  comjKumd  of  the 
vinyl  series,  signifies  sixteen"  different  salts,  nnd  every  similar 
unitary  formula  signifies  an  many  different  mlts  as  it  auifains  atoms  of 
carbon  :  of  which  fiict,  the  unitary  formula  gives  no  intimation. 

c)  .  \\  i:  have  a  complete  exposition  of  Herzelius's  doctrine  of  mefa- 
nU7'i.s!/i,  L  term  by  whicli  he  indicated  the  case  in  which  the  compound 
atoms  oi  two  chemical  cDmjxamds  containing  the  same  elementary 
atoms,  and  for  the  most  part  in  the  saiii*-  proportions,  are  nevertheless 
made  up  of  ditferent  |)roximate  elements."  We  see  in  the  opjxxjite  Table 
5  complete  rrn  t<iiik  ric  groups,  and  we  j)erceive  both  the  cause  and  the 
extent  of  tiie  meuunerism,  and  can  therefore  complete  othei  groups  at 
our  pleasure. 

d)  .  The  note  of  interrogation  in  Group  5  of  the  Table,  shows  the 
position  and  composition  of  the  radicals  of  the  vinyl  group  which  have 


Digitized  by  Co^lc  i 


524 


OBIQIN  AND  METAMORPHOSES  OF  OEQANIC  RADICALS, 


not  yet  Ix'tn  recognised.  Of  cours*-,  these  radicsils  are  unnamed,  wliich 
account^  for  the  blanks  in  the  names  of  the  .silt^  oi"  this  gruup. 

I  take  tliis  o|>]K)rtunitv  of  sugge^jtitiL;,  that  ivs  Ivdowii  radicals  are  be- 
coming uunierous,  it  will  soon  be  found  ex:|XKiieiit  to  have  some  kind 
of  Systmatie  Ncams^  to  identif/  them  and  to  intunate  their  ootnpositkxi. 
In  tibis  work  I  have  used  the  names  of  ladicals  as  I  found  tbem^  tfaoiigh 
many  are  objectionable,  and  the  series  most  soon  be  gmtlj  enlarged. 
Thia  point  maj  theiefoie  be  leoonunended  to  chemists  as  one  tfati 
requires  earlj  consideration.  It  is  quite  possible  to  designate  the  piedse 
composition  of  all  possible  hydiocsrbonsy  the  composition  of  whidt  does 
not  exceed  C'**H*^,  hj  names  of  two  syllables,  easy  to  distingnish  and 
to  recollect,  and  not  liable  to  ran  into  conibsion  with  those  terminal 
numerals,  which  I  have  recommended  to  be  used  as  ennmeiatoiB  of 
radicals  and  of  oxygen  when  combined  into  salts. 

I  proceed  now  to  direct  the  reader's  attention  to  the  relations  which 

the  orcT'iTiic  radicals  bear  to  one  another.  T  have  thrown  the  most  im- 
jKirtaut  of  them  into  the  Table  which  is  pniit<^d  on  the  opjjosite  pace, 
atsd  which,  though  inijierfect,  may  serve  as  the  first  rough  sketch  of  tiuit 
chart  of  organic  mdicals  which  I  have  described  at  page  8i,  as  being  so 
desirable  an  acquisitioiu 


CLAssincATiON  OF  RADICALS.  If  this  Table  were  correct  and 
complete,  it  would  present  a  classification  of  radicals.  The  radicals 
placed  in  the  vertical  columns  of  this  Table  are  far  mure  closely  connected 
together  than  those  which  occur  in  the  horizontal  lines.  The  latter, 
indeed,  present  a  uniform  quantity  of  csrbon,  and  this  uniformity  induced 
Gmelin  to  pkin  the  arrangement  of  organic  bodies  in  his  great  system, 
in  accordance  with  the  quantity  of  carbon  alone.  It  has  proved  to  lie 
very  disadvantsgeous  to  his  book ;  for  the  relations  of  the  radicals  that 
are  similar  only  in  the  number  of  atoms  of  carbon,  are  far  less  important 
than  those  whicli  characterise  the  radicals  of  each  vertical  group  in  tiiis 
Table.  Had  he  taken  such  rrroups  for  his  standards,  and  had  \w 
arraiiL^-d  tlic  salts  of  each  radical  on  the  plan  of  his  inorg-anic  chemi^tr)-, 
the  organic  chemistry  would  have  Ix-en  as  easy  of  relerence  as  the 
inorganic  part,  whereas  it  is  now  extremely  complicated  and  trouble- 
some. 


Total  !Nuiibcr  op  Oroanic  Kadicalb.  It  is  a  remarkable  ctrcnm- 
stance,  that  the  number  of  well-known  Organic  Radicals  does  not 
greatly  exceed  the  number  of  Inorganic  Radicals,  page  a6. 
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Relatiojts  of  thk  Organic  Radicals. 


A. 

B. 

0. 

D. 

E. 

nCH'-f  H' 

nCH*-H« 

nCH«+C» 

C  W  k 

C'H'  k 

C'H^k 

CH^k 

H-*k 

eil^k 

C?»H*k 

CTlVk 

C»H*k 

C^H*k 

eH»k 

CH* 

C*H'k 

eH'k 

C*  IT'  k 

C*H*kB 

C*H»'k 

H»  k 

H'  k 

C*H«  kB 

CH* 

C7H" 

(7H"kB 

C"  H'»k 

(T\V* 

C'H'^kB 

C'^'H'^k 

C'«H'^k 

C"H"k 

C"H»'k 

C'^H'^k 

C"H" 

C'»H«k 

C»H» 

C'*IFk 

C"H«* 

C"H"k 

C»H»k 

^•H«k 

C^'H-k 

CWH« 

C»»H»k 

C"H« 

C*IPk 

C*»H*'k 

C"H*'k 

CTH" 

C*^H**k 

(T^H'^k 

C*H*»k 
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Relation  op  the 


F. 

G. 

H. 

I. 

nCH'-H* 

nCH«-H« 

nCH«-H» 

1 

I 

OB} 

CWkB 
C»H*kB 

C»H«k 

C?Wk 

<?H"k 
(^•H»k 

1 

I 
■ 

aH»k  1 
CriTk 
<7ffk  i 
<?W*k 

Explanation  of  hie  Table  kxiiibiting  riik:  Relations  whicii  tbk 
Orqanic  Radicals  beak  to  onr  anotueb. 

I  have  arranged  the  radicals  in  vertical  oolmnos  aooonlini;  to  the 
method  of  grcxiping  them  wiiich  is  most  in  use  among  oi^nic  clh  ; 
that  is  to  say,  in  agreement  with  the  formnle  »CH*4*U',  nCH*— IP, 
nCH«-H*,  &C. 

I  wish  it,  however,  to  be  miderstood,  tliat  thf^*  hejidings  do  not 
represent  my  opinion  of  the  Constitution  of  the  radicals  that  are  pka?d 
below  thcni.    If  these  formulte  represent  the  result^  they  certainly  do 

not  rt'prosent  the  order^  of  Nature's  proceed  in  <xs.  If  Nature  has  to 
produce  n  Hill,  she  '  oruinly  does  not  in  the  fir.<t  instance  pr»>ince  a 
Mcnintain  and  then  cut  it  down,  Tlie  early  crystalloirraphcrs  .>u]»io:^ 
that  if  Nature  wanted  to  produce  an  octahedron,  slu'  first  lir  uhic^Ai 
a  cuIm'  and  then  cut  ofiT  all  its  corners  till  Tusthing  remained  cf  ir< 
original  faces,  hut  a  mathematical  point  in  the  centre  of  each.  In  like 
manner,  the»e  organic  formulai  apjx^r  to  assume,  tliat  if  Nature  desires 
U)  produce  a  radical,  such  as  ciiniyl  for  example,  she  first  combines 
together  ten  atoms  of  vinvl  int«)  the  compound  C'"H*,  and  then  takts 
away  IP,  and  Iciivcrf  the  desired  result  CH".  I  renounce  that  mothod 
of  explanation,  beUeving  Nature's  process  to  be,  in  all  cases,  tliat  of 
adding  atom  to  atom  one  by  one  till  iihu  reaches  the  desired  point.  She 
never  overworks  lierself,  in  order  to  be  forced  to  undo  wliat  she  lias  done 
amiss. 

The  horizontal  lines  in  the  Table  represent  the  radicals  which  agree  in 
possessing  the  same  quantity  of  carbon. 
Thronghout  the  Table,  proceeding  from  above  downwards,  every 
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0. 

P. 

nCH*— H** 

nC+H 
nC-f  CH 

1  A 

OIV 

C*H» 

CTPkB 

C"H» 

(7H"k 
C*H» 

CH'k 
CH'k 

(7H»k 

C  U'  ki) 

C*H» 
C'Wk 

radical  excoofls  the  one  abnvo  it  by  the  addition  of  CH*,  proviug  that  the 
same  relation  wliich  holds  true  among  the  radicals  of  the  vinyl  series, 
quoted  in  ct)Iumns  A.  and  B.,  holds  equally  true  in  all  the  other  series ; 
the  (lifTerences  being  confined  to  the  constitution  of  the  iirst  radical,  or 
starting  jK)int  of  each  group.  Thij>  principle  of  a  common  dillereiioe 
among  a  series  of  radi^ds  is  what  Gerhai'dt  calls  Homology.  Every 
oolamD  in  the  Table  is,  in  hia  terma,  an  Homoloffous  mies. 

The  radicals  wluch  am  marked  k  in  the  Table  are  known  to  chemiats, 
if  not  in  an  isolated  state,  at  least  in  some  form  of  combination.  Those 
marked  B.  are  the  radicals  of  bibasicacids :  strictly  speaking  many  of  these 
should  be  rejected  fiom  this  Table,  because  liiey  are  actually  double 
radicals,  and  appear  again  in  their  sin^e  ibrm  in  other  groups  in  the 
Table.  See  columns  C.  and  £.,  and  the  article  on  the  succink  group  of 
salts,  page  441, 

Most  of  the  radicals  in  the  Table  have  an  uneven  number  of  atoms  of 
hydrogen,  and  only  those  which  have  that  composition  seem  to  possess 
an  atomic  measure  when  they  form  part  of  gaseous  salts.  The  salts  of 
vinyl  CH*,  of  suceinvl  CH*,  of  salicyl  (7H*,  when  in  tho  pTis»xjus  state 
m<'a^tirc  only  as  much  as  is  due  to  the  radicals  with  which  they  are  iu 
combination. — See  i>age  96. 

GiiOUP  A.  Basic  liadicals  of  the  Vinyl  Group  ;  and 

Giioup  B.  Aciil  liadicals  of  the  \  inyl  Group. 

The5;e  two  groups  have  undergone  so  complete  an  investigation  in  the 
pn'cedintj'  pages,  particularly  in  the  articles  between  pagrs  49  and  81,  and 
just  now  m  t  he  note  on  t!ie  niet^imorphoses  oi"  sugar,  that  1  need  not  go 
into  iai'tiiei  details.    The  radicals  of  this  scries  which  are  known  to 
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chemists  are  marked  k.  The  others  will  probably  soon  be  found.  I 
have  pointed  out  (pages  73  to  77,  page  407,  &c.)  several  prooesses  by 
which  the  radicals  of  this  aeries  can  be  sncoesaSTelj  reduced  from  hmdc 
to  acid,  and  fix>m  acid  to  basic,  by  the  alternate  removal  of  H*  and  C* ; 
and  there  is  no  donbt  that  a  continuatioQ  of  researches  of  this  chaxscter 
will  soon  produce  the  radicals  that  are  now  nnknown,  among  the 
products  of  the  decomposition  of  the  radicals  which  are  placed  higher  ia 
the  series* 

Bockton's  recently  published  interesting  researches  respecting  the 
acids  of  the  saccinic  groap  (see  page  454)}  prove  that  much  can  be  soc- 
cessftdly  accomplished  by  actmg  on  the  higher  members  of  the  organic 
compounds.  But  the  energy  of  Buckton's  agent — hot  nifzic  acid — is 
such  as  to  shatter  the  complex  radicals  too  readily  into  fragments.  It  is 
desirable  to  employ  milder  processes,  and  thus  to  reduce  the  complex 
radicals,  step  by  step,  down  the  scales  of  basic  to  acid,  and  add  to  basic, 
until  those  intermediate  radicals  which  have  hitherto  escaped  det4?€tioOy 
bat  the  places  and  composition  of  which  are  indicated  in  the  Table,  are 
produced  and  converted  into  characterising  salts.  All  the  compound 
radicals  which  are  lower  in  composition  than  C*°ll''  will  certainly  be 
dlscovorcd  if  they  are  car(?rnlly  sought  for. 

Giiovv  C.  Jidilicals  of  the  Succint'c  Group. — Monobasic.  Th-?T  are 
tlf'scribed  at  page  441.  Tt  is  aissiimed  of  tlu'  radicals  of  tliis  group,  that 
they  are  formed  by  the  successive  addition  of  atoms  of  vinvl  to  one 
atom  of  carl.x:)!! ;  every  sU'p  in  that  additive  process  producing  a  new 
radical.  'Ilie  primary  radical  C*  and  its  first  compound  C*H*,  U>th  have 
the  peculiarity  of  losing  their  atomic  measure  wli^  n  iliey  form  gaseous 
^Its.    The  other  meml)ers  of  the  series  do  not  produce  gase(.>us  salts. 

Group  D.  The  salts  of  this  group  diller  amone^  themst  lves  \>v  the 
common  dilFereiice  ot  Cll',  and  they  coiiUin  as  an  unable  eh  iiient,  or 
common  ingredient,  the  ra  dical  C*H  which  stands  at  the  h(»ad  of  the 
list.  Tiiis  radical  is  efjuivaient  to  Cll-|-(v,  which  are  the  characteristics 
of  the  salts  of  Groups  B  and  C,  and  therefore  the  radicals  of  Group  D 
are  each  equal  to  a  radical  belou^^iug  to  Group  B  combined  with  auother 
belonging  to  Group  C.  Tet  diey  are  all  monobasic,  and  we  most 
consequently  consider  them  to  be  di^le  radicals.  The  koow'n  radicals 
of  this  series  are  as  follows :  CH.  Maleyl ;  ftimaiyl ;  dyl ;  see  the 
article  on  the  Malic  Group,  page  41 1,  and  the  Citric  Group,  page  424. 
C*H*.  Acryl;  pynivyl;  tryl;  see  the  article  on  the  CittBOonates, 
page  438,  C*H%  the  radical  of  isotartaric  add.  G^H',  the  radical  of 
camphoric  acid  and  angelic  add.  CfH**,  conyl,  probably  the  radical 
contained  in  conta.  C^H*^  the  radical  of  campholic  add.  C*'H%  tbe 
radical  of  moringic  acid,  procured  from  the  oil  of  ben.  C'H*,  the 
radical  of  hypogeic  acid,  a  compound  produced  during  the  saponification 
of  arachidic  acid,  wliich  is  formed  by  the  radical  arachvl  =  C**H**  of  the 
vinyl  series.   C'H"  oleyi,  the  radical  of  oleic  add.    C'H"*  the  ladicai 
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of  doeglinic  add,  wbich  is  procored  fiom  a  species  of  sperm  whale ;  it  is 
fenuurbible  for  being  an  oil  which  cootaios  oo  glycerine.  CW*',  the 
radical  of  erode  or  brassic  add,  derived  from  tlie  oil  of  mustard* 

The  radicals  of  this  series  appear  to  be  nearly  all  produced  by  the 
application  of  heat  to  substances  tliat  l>clong  to  the  vinyl  series,  and  theis 
lelatioD  to  the  radicals  of  that  aeries  is  easily  perceived.  Thns 

Glvcvl  (or  aliyl)  -  CTH*  —  IP  «  acryl  CW, 
Stea^l  =  e'H*  -      «  oleyl  C«H*. 

Oleyl  «  C*H"  -  C»  =  margaryl  C»W 

Acetyl  -H*«famaryl  C*H', 

In  .short,  all  the  radirals  of  this  group  may  ho  considoretl  to  ho  cnrivorti- 
ble  into  acid  radicai^  of  tho  vinyl  strio.s,  (jlrDiip  I>,  hv  iha  addition 
of  H*,  or  the  subtraction  of  (J'.  Probahlv  tlu-v  all  existoil  in  tho  living 
jilanL  uv  .uuiiuil  as  inenil)ors  of  the  vinyl  .>orii'S,  and  owe;  tho-  forms  iu 
wliicli  tlity  arc  shown  iu  Group  D,  to  the  nii  tamorphosos  otlfctcd  by 
the  chemical  reactions  that  were  employed  to  effect  their  sojaration  from 
Other  substances.  The  whole  of  the  series  D,  except  CU  may  also  be 
oonsidered  as  compoands  of  CH^  repeated  n  times,  with  one  atom  of 
pyrovyl  H'  constant  in  all,  and  it  is  remarkable  that  this  last  atom  is 
that  which  is  frequently  produced  when  other  more  oomplez  radicals 
are  subjected  to  heat  Pyruvic  add  s  H,C^IP(/  is  equtd  to  a  ooro- 
})ound  of  formic  add  =  H,CHO*  with  pyiog^lllc  add  =  OH,CHO,  all 
of  which  are  nearly  allied  in  their  chemical  characters. 

Grouf  E.  With  the  excei)tion  of  the  starting  radical  C*,  which 
represents  the  acid  radical  of  the  niellates,  all  the  radicals  of  this  group 
are  double  radicals  of  Group  C.  They  form  double  salts,  and  appear  to 
have  no  title  to  be  called  simple  radicals.    See  page  441. 

Group  F.  I  find  no  radicals  which  can  with  any  certainty  be  ascribed 
to  this  group. 

Group  G.  C  is  tho  acid  radical  of  tlio  mosoxalio  acid,  which  has  tlie 
fommlaiI',('^*,  ;ind  is  thcrofon'  apjiaiontlv  bihasic;  l>utthisncid  In^longs 
U>  an  imjKirtant  series  of  compounds,  tho  })roducts  of  the  decomposition 
of  c\  anyl,  which  T  have  not  examined  iu  this  vohiiiie.  I  consider  this 
formula  to  n-iiroscut  a  douhio  salt.  C*H*  is  phtalvl,  tho  nidical  of  phtalic 
acid,  which  is  commonly  siud  to  be  bibasic,  but  vvhioli  i-;  aotuallv  mono- 
basic ;  its  salts  corresfX)nding  to  the  formula  M,C*li*U\  This  fact  is 
completely  conBrmed  by  tl)e  constitution  of  the  phtalamides,  phtalimides, 
and  phtalaniles  of  the  series.  C?R*  is  the  assumed  radical  of  the  citraconic 
add,  which  I  have  shown  to  be  a  double  add ;  see  {)age  4^8. 

Group  H.  The  known  radicals  of  this  series,  except  the  first  two  on  the 
list,  are  so  important  that  they  have  undergone  repeated  discussions  in  the 
preceding  pages.  C^H*  is  the  radical  of  the  pyromeconic  add»  C*H*  is 
phenyl.  The  same  composition  is  commonly  ascribed  to  cltryl,  but  the 
arguments  which  I  have  used  in  the  artide  on  the  dtrates  at  page  424, 
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grove  that  citryl  is  not  a  ladiod.  C?W  is  tcdueoyl  (and  anlsol?) 
^H*  is  xylenyl.  CH*' is  ctunetiyl.  G'*H**  is  thjmyl.  These  radtcato 
are  all  of  the  basic  Ofder,  and  act  in  salts  as  basic  radicals  withoqt 
requiring  any  oxygen  beyond  that  which  is  proper  to  the  Donnal  saitsof 
tlic  acid  radicals  witli  which  they  ooiDbioe. 

In  tracing  the  homoln  ^  ,  /  this  group  of  radicals  from  below upwaidSi 
we  come  t^j  the  radical  CH',  whidi  does  not  belong  to  the  vinyl  series. 
I  have  endeavoured  to  account  for  the  origin  of  this  radical  in  Group  P, 
where  I  suppose*  that  a  scries  of  radicals  are  produced  by  the  successive 
addition  of  atoms  of  C  to  one  atom  of  H,  tiiken  as  the  primary  iiuckos. 
The  radicals  of  Group  H  belong  to  the  series  of  essential  oils,  wliich  are 
produced  by  nature  in  fruits  and  seeds  under  circumstances  where  not 
only  oxygen  but  water  itself  could  be  given  off  during  the  conversion  of 
sugai*  into  the  oils  demanded  l»y  the  wants  of  the  living  plant.  In  that 
wav  atoms  of  carbon  could  be  added  to  siilts  of  the  vinvl  series  till  the 
composition  demanded  by  the  plant  was  completed,  though  it  i> 
impossible  to  form  a  dear  idea  of  the  manner  in  which  this  opexBtion 
takes  place. 

The  artificial  ibrmation  of  some  of  tbese  radicals  takes  place  Is 
accordance  with  facts  that  have  been  fraqnently  referred  to.  Thus* 
iiidyl  «=  Cf  U'  the  basis  of  indigo,  can  by  chemical  means  he  deprived  of 
(?  and  be  made  to  receive  an  addition  of  ,  piodocing  C*H*  pbenrL 
These  two  operatioos,  viz.,  the  abstrsction  of  0*,  or  the  addition  of 
firequendy  take  place  among  radicals*  Here  the  two  actions  occur 
simultaneonsly  and  render  the  process  more  complicated  yet  not  moie 
mysterious. 

Group  I.  I  can  find  no  well-ascertained  £zamples  in  agreement  with 

this  fomuila. 

Group  K.  The  known  radicals  of  this  group  are  CTP  =  benz^-1,  and 
])erhaps  spiryl;  soo  page  455;  C"H^  =  tohivl  and  anisyl :  C*H*  = 
styr}l;  C'"H"  =  cumyl.  These  radicals  belong  to  the  resinou*;  or 
aromatic  series,  and  are  nearly  related  to  those  of  Group  H,  lx»th  in 
projxrties  and  in  composition,  and  their  origin  is  proV>ably  liable  U)  a 
similar  method  of  explanation.  On  comparing  the  mdicals  of  the  two 
groups  as  the}  sUtnd  m  the  same  horizontal  lines  of  the  Table,  we  pH^rceive 
that  they  bear  to  one  another,  in  ptiirs,  precisely  the  relations  of  basic 
radicals  to  acid  radicals,  the  coamiou  dilierence,  like  that  between 
the  two  orders  of  vinyl  radicals,  situated  on  the  same  horizontal  lines  in 
the  Table  being  H«. 

Thus,  Toluenyl        H'  -  H«  =  C'  H*,  benzyl, 

Xylenyl  C«  H'  -  H«  =  C'H^  toluvl. 

Cumenvl  (7H'»  -  H*  =  C»  H»,  stvrVl. 

Tliymyl  C'H'*  -  H*  ==  C'«H",  cuniyl. 

or«  changing  the  operation  in  terns,  though  not  in  esssnee,  we  have 
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Phenyl  CM1»  +   C  =       IP,  benzyl. 

Toluenyl  IF  +   C  =        H",  toluvl. 

Xvlenyl  C"  H»  +0*  =  ^  H^  btynl. 

Oiinenyl  C*  H"  +   C»  r=  C'«H»,  ciimVl. 

Thymyl  C«H»  +  C«  =  C"H'»,  ? 

And  in  otU'ct  thase  iigaros  accurately  express  the  con esjKjnding  chemical 
povvors  of  tlie  respective  radicals;  for  those  of  Group  H  are  h'X^lc  while 
tha^e  of  Group  K  are  acid.    Those  of  Group  H  go  into  salts  as  basic 
radices  without  carrying  additional  oxvgen  with  them  ;  but  those  of 
Group  K,  when  they  act  as  l)asic  radicals  demand  au  additionid  supplv 
of  oxygen,  and  that  rpiauL.U  dniinng  according  to  the  acid  pi  jj  Mn  ties  of 
each  special  radical:  thus,  benzvl,  which  forms  benzoates  wiUi  O''  lakes 
with  it  O'  extra  when  it  acts  as  a  basic  radical;  while  anisvl,  which 
fonns  anisat(^  with  O',  takes  with  1^0"  extra  when  it  acts  the  ))ai-t  of  a 
basic  ndicaL   These  details  afford  interesting  illustrations  of  the  truth 
df  the  general  principle  which  I  have  advanced^  namely,  that  the 
diflference  which  exists  between  basic  radicals  and  acid  radicals  is 
expressed  either  by     or  H",  since  these  pro[x>rtion8  of  carbon  or  of 
bydrogen  are  saflicient  to  change  the  class  of  any  radical,  whatever  may 
be  its  ultimate  composition.   The  question  of  basicify  or  acidity  never 
depends  upon  the  atbsolutt  quantUy  of  carbon  or  hydrogen  that  happens 
to  be  present  in  any  radical,  bat  entirely  upon  die  rdatiw  proportkms  of 
those  elements. 

Group  L.  The  known  radicals  of  this  group  are  only  two  in  number, 
C*H*,  the  radical  of  the  bibasic  comenic  acid,  respecting  the  composition 
of  which  I  have  great  doubts,  and  which  is  aalicyl,  a  bil)asic 

radical,  the  salts  of  which  I  have  investigated  at  page  455.  It  is  by  no 
means  improbable  that  (7H*  represents  two  radicals  instead  of  one,  and 
that  the  salicylic  acid  is  a  double  acid  and  not  a  bibasic  acid  ;  l  )ut  the 
reactions  of  the  salts  do  not  afibrd  any  due  to  the  unraveiment  of  this 
mystery. 

Gkoop  M.  The  formula  (711"  represents  the  radical  of  gallic  acid, 

-which,  in  accordance  with  this  formula  is  tribasic.  I  do  not  l>elieve  that 
that  is  the  true  account  of  the  gallates,  but  I  anj  unable  to  give  a  bettor 
account  of  them.  The  recorded  exj)eriments  nro  not  suflScient  to  give 
ckfiir  and  satisfactory  ideas  respecting  their  eoniposition.  When  gallic 
acid  is  heuted,  it  produces  a  compound  which  is  called  j)yrogal!ic  acid. 
The  formula  of  this  compound  ap|jears  to  me  to  be  CH,  CHO,  according 
to  which  it  is  not  an  acid  at  all,  but  a  suboxide  uf  formyl.  In  the  new 
noiiienclature  tliis  salt  would  be  called  formyla  funnvlate.  It  art-^  jis  a 
}>*  )\verful  reducing  agent,  because  one  atom  of  it  requires  fom*  atoms  of 
oxygen  for  the  decompo.^ition.    Thus: — 

CH,  CHO  +  O*  =  HHO  +  C0«  -f  CO*. 

The  other  known  radical  of  this  group,  (?R%  is  cinnamyl,  the  radical 
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of  the  cioDamic  acid  Bfi^WQ^.  It  taken  0*  iixtra  when  it  SLCta  as  a  ba^ 
radical. 

Guoup  N.  The  lonnula  C'H*  represents  the  radical  of  llufiuanu'c. 
recently  discovered  bibasic  insolmic  acid  =  HH,^!^.  When  this  acid 
is  distilled,  it  vields  boiizoic  ai  id.  This  reaction,  with  the  comjxteUiuu 
ot  the  furniuhi,  its  bibasic  uature,  lis  large  quantity  of  oxygen,  and  the 
even  number  of  its  atoms  of  hydrogen,  all  concur  to  iodace  me  to 
consider  the  insolinic  acid  to  be  a  double  acid,  probably  composed  of 

H,(:^'0«  -  benzoic  acid. 

UjCH'O*  =  dyiicacid?  See  page  41 K 

The  other  formula  of  this  group  C"H"*  represents  the  radical  of  sinapic 
acid,  I1*C"H'*0*,  a  bibasic  add,  tlie  existence  of  which  is  rather  suppo- 
sitional than  proved. 

Group  O.  The  known  radicals  of  this  group  are  as  follow : — 
0B}  is  the  radical  of  the  meoooic  add,  which  is  assumed  to  be  tribasic, 
but  I  cannot  saj  that  this  trihasic  chamcter  rests  upon  satis&ctoiy 
grounds.    The  meconates  are  HHH,  When  heated,  they  give 

oflr  GO*  and  become  oomenates  =  HH,  G*H*0',  when  the  comenates 
are  heated,  they  give  off  CO*,  and  become  ]n  romeconatps  =  H,(?IPO\ 
Tims,  throughout  the  series  the  acid  ra(b<  al  contains  in  all  8  atoms, 
Wlu'u  C  goes  off,  H*  comes  to  replace  it.  Tliis  proceeding  is  repeated* 
The  wiiich  thus  replaces  the  disengagcnl  C  is  a  basic  radical ;  and  as 
the  change  proceeds  in  the  acid  radical,  the  acid  radical  of  the  salt,  which 
iiriit  is  tribasic,  chanjxes  to  bibasic,  and  then  to  monobasic.  I  ex|)ect 
that  we  shall  by-aud-by  have  a  very  difierent  account  of  these  lueta- 
iuory)hoses. 

C"H*  is  the  formula  of  indvl,  which  I  hare  fuUv  discnss'  J  in  th» 
article  on  indigo,  l>age  257.  It  is  worthy  of  remark,  liiat  thi>  ladicid  is, 
like  in.'conyl,  liable  to  uiulcrsio  two  remarkable  changes,  witliout  diuuiiu* 
tion  of  the  collective  number  of  its  ultimate  atoms.    Thus: — 

Indyl,  aw  -  C»  +  H»  =:  CH*,  salicyl. 
Indyl,  (?H»  -  C  +  H«  =  C*H»,  phenyL 

I  wish  I  could  unrlerstand  or  explain  the  nature  of  these  changes. 

Tlie  last  formula  of  this  group  is  C'H''  =  naphtyl,  a  radical  which  litf 

so  often  come  imder  our  notice,  that  I  neeci  smrcrly  cTiter  uj>on  anv 
discussion  respecting  if".  T.ike  phenyl,  it  is  singularly  addirtrd  to  f  .rni 
])nrt  of  amiu<'Lj;*'iw  oiul  amnioniunis,  in  which  it  acts  exartiv  in  tlh'  sunt' 
manner  as  phenyl.  Holmann  has  recently  made  a  **ii«'\v  Ims:  **  hx 
means  oi  this  radical,  whirh  however  is  merely  a  framework  upon  whidi 
lo  haug  a  new  set  ul  hard  names. 

M<  naplithalamine  (for  so  he  calls  it)  has  the  follovviug  con>l!Hition : 
C*H''jS^,  which,  as  I  take  it,  means  that  it  is  a  double  amidogen  2>alt : 
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I ZH  C'^'H^  •  CN I     ■^^'^P"^^''^  hydra  cum  naphtylac  cyana. 
The  salts  of  this    base are  as  follows : — 

^*    ZH  C^^W  •  CNf  ~  i^iiphtyiain  ciilum  cum  uaphtylac  cyana. 
ZH,C'W!  CNj 

ZH,C^*H^ ;  CN  I  s  Bis  naphtylac  cyana  cum  hydra  cyana. 

H;  CN) 
C'W;  CiNO 

C^^W ;  CNOV  =  Bis  naphtyla  cyanate  cum  hydra  cyana. 
H  ;  CN  J 

Hofmann^s  names  for  those  salts  are  as  follow : — B,  Hydrochloiate 

of  menaphthalamine  =  C**H''N*HCI.      C.  Dicymenaphtlialamine  = 
C*«H'^N*  =  C^H'^N»  +  Cv«.     D.  Mciiaphthoximide  =  C«'H'\NW 
He  tells  us  that  "  nionaplitlioxirnide  may  be  viewed  as  binoxaiate  of 
menaphthalamine  7/ii)ius  4  equivalents  of  water — 

cm''N^Hc*o*,HC*o*  -  4H0  =  c''U''y'(y- 

Bmoxakite  of  menapfatbalaiBine.  Menaphthoshnlde. 

and  this  view  is  C(}rroborat<><l  by  the  dejx)rtment  ot"  the  substance  with 
potassa,  whicli  riiproduces  nieimphtlialamine  and  oxalic  acid.**  Proceed- 
ings of  tJki  liuyid  Society y  1856,  viii.  12. 

I  see  nothing  to  prove  that  binoxaiate  of  menaphthalamine  ever  had 
any  eztsteooe,  and  I  account  for  die  last-mentioned  reaction  thus : — 

(^•ir^CNO  \     f  ZH,C«W ;  H  )  . 
D.{  C»•H^C^'0       [  ZH,C"'H^ ;  CN  p  ^' 

^^^^  {"kg}  ]  1  k;SI 

According  to  this  view,  menaphthalamine  is  a  "new  Uise,"  but  not  a 
new  ratlical.  It  is  only  a  new  double  salt,  of  the  same  nature  a.s 
meluniline,  which  I  have  investigiited  at  i>agi'  291.  The  inti'oduction  of 
wliat  chemists  call  a  new  base  *'  is  by  no  means  to  be  considered  as  the 
disoomy  of  a  new  radical.  Lest  the  nader  shoald  at  any  time  feel  a 
difficult  in  distinguishing  a  base**  from  a  **ndical,"  let  me  remind 
him,  that  a  radksal  is  tiM  tquicaknA  (jf  om  tdwm  vf  hydrt^en  or  of 
Mnine,  and  posaessea  the  aataiattng  capacity  proper  to  one  yolume 
of  either ;  whereaa  a  ha$$  is  a  heterogeneous  mixture  of  atoms,  which 
haye  no  specific  chemical  duty  to  do^and  which^as  to  number,  are  with" 
oat  limit,  and,  as  to  colloeation,  are  without  order*  A  radical  may  be 
compared  to  a  thorongh-tiained  soldier,  who  forms  part  of  a  system,  is 
accustomed  to  discipline,  and  acts  according  to  order.  A  base  is  a 
Bashi  Bazouk,  who  is  thoroughly  untraim^,  who  despises  system, 
is  anaecastomed  to  diaciphne»  and  is  obedient  only  to  the  cUctati^s 
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of  caprice.   Any  hanim-^arum  fellow  answera  fi>r  a  Bosbi  Bozonk. 

Any  oonglomt^ration  of  atoms  serves  as  a  hai^e.  }\ut  a  soldier  must  be 
a  niao  wlio  knows  his  duty  and  does  it.  A  radical  is  a  collection 
of  atoms  detnrmtnate  as  to  quantity,  orderly  a^  to  ayatem,  and  always 
prepared  to  fulfil  the  functions  which  its  position  in  the  sysU.m  it 
liortiins  to  im|X)ses  ujjon  it.  In  short,  the  diilcTence  between  a  radical 
and  an  organic  V«iso  is  like  the  dillerence  between  order  and  disorder. 

(liioup  P.  This  ;j;ron]),  purely  hypothetical,  is  ins<'rbMl  to  account  for  the 
starting  radicals  in  the  colunins  I),  K,H,  K,M,0.  I  snjjposc  that  originally 
C  combines  with  II'  <n  with  C'H',  nnd  tliat  C  is  then  added  atuni  :if>«-r 
atom,  till  the  sevonil  products  winch  are  exhibited  in  this  coluii  ii 
are  produced ;  after  which  these  radicals,  acting  as  units,  combine  with 
successive  atoms  of  Cil*  to  produce  the  radicals  which  form  the  groups 
given  in  the  different  columns  of  the  Table. 

It  is  however  just  as  easy  to  imagine  that  the  radicals  are  first  fecined 
in  accordance  with  the  methods  of  production  explained  in  reference  to 
the  vinyl  radicals,  and  that  these  radicals  then  become  subject  to  the 
suocesnve  additions  of  atoms  of  C  Or,  on  the  other  hand,  some  of 
them  may  he  explained  as  being  derived  from  nidicab  actually  belonging 
to  the  vinyl  series,  by  the  artificial  expulsion  of  a  limited  quantity 
of  hv(hogeD.  Thus  terbasic  glycerine  =  H,H,H,CHT)^  when  deprived 
of  HHO  produces  monobasic  allylic  acid  =  H,C'H'0*,  and  wlu  u  de- 
prived of  a  second  atom  of  HHO,  it  produces  acrolein  =  H,CH\),  in 
which  we  liave  an  acid  radical  belonging  to  Grou]^  D.  This  last  reaction 
differs  in  no  respect,  or  degree,  as  respects  the  change  in  the  radicals^ 
from  that  which  converts  alcohol  into  aldehyde. 

It  is  lujquestionably  a  fiict  that  the  basic  radicals  are  roducil>le  to  acid 
rai-licdls  by  the  al)straction  of  H*,  and  it  does  not  swni  unreasonable  to 
assume  that  the  acid  radicals  themselves  may  be  cap>able  of  snstaiiiing 
successive  abstractions  of  H*,  b)'  artificial  means,  so  as  to  produce  the 
HKjre  highly  carbonised  radicals.  Thus  C*H"  may  become  in  succession 
eH^C*H^*C*H^C^H" ;  and  in  Uke  manner  (?H»  may  become  CH'^ 
G»H'«  C*H^G*H",CfH*,C"IF,(?K  These  are  points  that  are  capable  of 
experiment^  investigation,  and  are  not  likely  to  pass  unheeded. 

Besides  these  groups  of  radicals,  I  have  endeavoured  to  trace  the 
existence  of  others,  but  without  nsefiil  results.  For  example,  the  Gioop 
nC+CH*  produces  C*IPand  (TR\  but  no  other  known  radicab;  and 
die  Group  C-f  produces  CH,CH*,CH*,  and  then  stops,  as  there 
is  no  known  hydrocarbon  radical  with  a  greater  proportion  of  H  to  C 
than  is  found  in  methyl. 

On  looking  over  these  homologous  groups  of  radicals,  the  remarkable 
^rik*»s  ns,  that  tlie  greater  proportion  of  them  are  produced 
-  direct  process  £nom  sugar  or  vinylate,  and  that  most  of 
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the  others  seem  to  \^  derived  by  processes,  whicli,  tlioutrh  indirect,  are 
short  aiid  obvious,  from  the  same  substance.  Sugar  in  the  form  of 
CH*0  is  the  raw  material  which  Ufe  in  plants  works  up  into  the  in- 
numeFable  finished  mannfacturefi  whidi  veeetabks  expose  to  the  admi- 
lation  of  mankind  and  among  which  anmud  life  finds  snsteiuuice. 

The  MBTAH0BPH06B8  of  Omnic  Radicals  have  been  so  often  dis- 
cussed in  the  preceding  pages*  &at  I  need  only  refer  to  the  main  ikcts. 

Add  radicals  can  be  transfinmed  into  basic  radicals  by  the  abstraction 
ofC*«  Thns: 


f'orniyl 

=  C'H' 

-  C  = 

H 

=  hydrogen. 

Acetyl 

=  C*H» 

-  C  = 

C'H« 

=  metliyl. 

Ally] 

=  CPH* 

-  C  = 

C«H» 

=  ethyl. 

Benzvl 

=  C7H* 

-  C  = 

C"H* 

=  phenyl. 

On  the  other  hand,  basic  radicals  can  be  reduced  to  acid  radicals  by  the 
abstraction  of  H'.  These  matters  have  been  so  folly  discussed  at  page 
74,  in  the  article  at  page  399,  and  incidentally  on  several  other  occasions, 
that  I  need  enter  now  into  no  details. 

When  hvdrides  of  acid  radimls  are  sealed  up  in  glass  tubes  with  a 
^^iturat<xl  solution  of  hych-acids  m  water,  and  heate^l  to  212°  F.,  they  are 
ciian^d  into  chlorides  of  the  corresponding  basic  radicals.  In  this 
way  acid  radicals  are  converted  into  basic  radicals  by  the  addition  of  H*, 
instead  of  the  abstraction  of  C.  Berthelot  thu:*  produced  the  following 
metanioi-phoses : 

Propionvla  livdra  .  CJ  W  ,H  +  HQ  =      H'  ,C1  Propyla  chlora. 
Valeryla  hydra    .  0^  H*  ,H  -f  HCl  =  e  H",C1  Amyla  clilora. 
Capryla  hydra .    .  C  H'',H  +  HCl  =  CT  H'',C1  Octyla  chlt^ra. 
Pahnityla  hydra  •  Cm*'^  +  HCl  =  C"H%C1  Cetyla  chlora. 

And,  by  acting  in  the  same  manner  on  what  he  calb  Ethylene  by 
hydrobromic  acid,  he  produced  bromide  of  ethyl : 

CH*  4-  CH*  -I-  HBr  =  C*H',Br 

»-       ^       -*  ^ 

Vinyl,  2  atoms.  Ethyla  broma. 

By  a  process  qtiite  equivnls  rit  to  this,  the  hydrides  of  amidog^is  are 
converted  into  chlorides  of  ammoniums.    Thus : 

ZH«H  +  Ha  a  ZH*  a. 

Manv  transformations  of  this  description  will  be  seen  under  the  head  of 
Aniline,  page  274. 

Akin  to  tliis  process  is  also  tliat  by  which  the  amids  of  oxygen  acids 
are  couvei'ted  into  normal  ammonium  salts.   Thns : 

ZH*,Oa-+  HHO  «  ZH*,0(y. 
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These  tnuisfonnatkms  have  been  iiitistmted  by  ummnenble  eimplM 
daring  ibe  investigatioii  of  the  aaeotic  ndicale. 

Another  method  of  roetamorphoaes  coneists  in  oonrnting  oomplex 
mdicals  which  oontain  many  times  GH'y  into  tadicals  of  a  simpler  ldDd« 
by  the  action  of  nitric  add.  An  example  of  this  mode  of  ]»ooedme  is 
referred  to  in  the  artid-  on  the  Ancboates  at  page  454. 

The  doctrine  of  Vuse^Badioais  has  been  fully  ex])Iained  and  illostnAed 
in  the  preceding  pages.  A  vice-radical  is  a  hydroairl>on  in  which  tfae 
hydrogen  has  been  more  or  less  replaced  by  CI,  Br,  I,  N,  S,  or  a  metdl« 
and  which,  notwithstanding  that  replacement,  atiU  acts  the  part  of  a 
radicaL 

Many  acid  radicals  can  be  made  to  act  as  basic  radicals,  pioWded 

they  are  8npplie<l  with  a  certain  excess  of  oxygen.  This  excess  of 
oxygen  is  demanded  by  soch  radicals  even  when  they  form  part  of  an 
ammonium. 

Manv  other  proco^ses  of  metamorphoses  niiglit  W  noticed,  and  have 
been  already  described  in  this  work;  but  they  are  reducible  to  tiu«e 
classes : — 

a)  .  They  chanpje  a  Ijosic  ru'iiral  into  the  acid  nvliral  next  K,low  it  by 
the  abstraction  of  H",  or  into  the  acid  radical  next  above  it  by  tb^ 
addition  of  C. 

b)  .  Thev  chanf^e  an  acid  mdical  into  the  basic  radical  next  below  it  hy 
the  abstraction  of  C\  or  into  the  basic  radical  next  above  it  by  the  addi- 
tion of  H*. 

c)  .  Tlioy  reduce  a  complex  radical  to  one  or  more  radicals  of  a  sim- 
j)ler  coiistitntion. 

What  chemists  have  need  of  at  present,  are  processes  which  will 
enable  them  to  imitate  the  operation  of  nature,  in  fwrning  complex 
radicals  fh)m  simpler  kinds  by  tiie  addition  of  atoms  of  CH*  to  a  ncK^os, 
or  by  combming  together  r»Kly-formed  atoms  of  the  simpler  kind  to 
produce  those  of  the  complex  kind.  That  power  is,  however,  more  to 
be  desired  than  expected. 

The  metamorphoses  of  organic  radicals  which  depend  upon  tiie  trans- 
mutations of  axote,  and  those  which  take  place  in  living  animals,  I  most 
decline  to  touch  upon.  They  are  too  important  to  be  sh'ghted,  and  I 
have  not  oonaidered  them  sulEBciently  to  be  warranted  in  pronoiuicnig 
clear  opinions  upon  them.  The  theories  which  I  have  advanced  in  this 
work  respecting  the  exist^^nce,  the  nature,  the  properties,  the  origin,  and 
the  transformations  of  hydrocarbon  radicals  must,  if  they  represent  what 
Is  true,  have  a  great  efleet  in  changing  the  commonly-received  fommbi 
of  azotic  and  animal  substances,  which  are  extremely  unsatisfiwrtoiy. 
The  unitary "  formula  which  I  have  quoted  in  page  167  are,  ood- 
fessedly,  declarations  of  ignorance  of  anything  beyond  the  laiowledg^ 
afforded  by  <1.  >tructive  analyses ;  while  the  **  rational  fbrmnlse  gene- 
raily  met  witii  are  in  the  highest  degree  fanciful — such  as 
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20(C^H"Xn>».2H())  +  8H*NS  +  IPNP  =  all auucn  of  .><.rgs. 
(C*}l-^\\X)".  2IIO)     +  H*NS   -f  H"NP  =  fibrin  of  ox-biuod. 
6(C"1P.N*0".2H0)    4-  S»0*  =  fibrin-protein. 

I  copy  these  foniiuKT  from  Lehmann's  Physiological  Cheinu<tt^^  1 85 1, 
vol.  i.,  whcro  thny  nn»  attributt.'d  to  Mulder.  The  appliaition  of  the 
nidiral  tluorv  to  tlirse  ajmpouiid.s  would  no  doubt  prn<]no»  foniiuia?  of 
a  niucii  s!tn])ler  diaractcr;  but  the  mvestigation  is  one  for  which  I  can- 
not otibrd  time. 


Daltonjusm.    The  Aiumic  Theory.    The  Law  of  Com- 
bmation  ia  Multiple  Proportions. 

The  **Laws  op  Chemical  Gokkihatiom"  at  present  m:ognised  by 
chemists  are  explained  hy  Professor  Miller  as  follows : — 

"The  relative  proportion  in  which  the  different  «dements  unite  is 
r^iulated  by  fixed  laws.  These  important  laws,  which  are  three  in 
number,  regulate  the  mode  of  combination  of  every  known  chemical 
compourul.    These  are  usually  termed  the  laws  of  cfiemiotd  combination, 

1,  Tlio  first  of  these  laws  is  the  law  of  D^niU  Proportions^  which, 
although  of  great  simplicity,  is  one  of  ftindarnental  importance  to  the 
science  of  chemistiy.  This  law  may  be  stated  in  very  hw  words;  it  is 
as  follows: — In  evety  cfiermcal  compound  the  nature  and  the  proportions 
of  its  constituent  elements  are  fixed,  definite,  and  hivariaiile.*^ 

2.  "  The  second  law  of  cunibination  is  u.suallv  tornietl  the  law  of 
Multijiie  Pro/Mji'tions.  It  frequently  hajipeiis  that  a  pair  of  eh-nu'iitary 
VKxlies  luuu^  to_,^'lli<,  r  in  iikux*  than  one  proportion.  The  coiMjx^ufulH;  mj 
obtained  are  v»-ry  dilK-reut  lioni  each  other  ;  but  there  is  .^tiil  a  luuiurinily 
in  the  plan  upon  which  tliej>e  comyxiim  U  are  formed,  and  tho  projKjr- 
tions  of  the  two  tli  nients  in  eaeh  are  very  .simply  related.  I  he  law  of 
multiple  pro|X)rtion  may  be  thus  stilted; — Jf  two  elemeMs,  A  and  JJ, 
unite  together  in  more  proportions  than  one^  on  comparing  together  quart- 
titles  of  the  different  compounds,  each  of  which  contains  th  satne  amount 
of  tlic  quantities  of  B  imB  heat  a  tsry  sitnple  relation  to  each  other ; 
such  as 

A  +  B,   A  +  2B,   A  4-  3B,   A  +  4B,  &c. ; 
or,  2A  +  3B,  aA  +  5B,  2A  +  7B,  &c.; 
or,  A  +  B,   A  +  3B^   A  +  5B,  &c. 

Water,  ior  iiist;\nc«',  is  a  coni[>ound  of  oxvgcu  and  hydrogen;  it)  100 
parts,  by  W(.'ight,  there  are,  as  already  mentioned,  88*9  of  oxygen  ami 
11*1  of  hydrogen.  But  there  is  another  compound  of  ox\gen  and 
hydrog^  known  to  chemista,  termed  the  peroxide  of  hydrogen.  By 
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analysis  it  lias  been  found  that  loo  parLs  of  this  body  contain  94*1  of 
oxygen,  .11  kI  5*9  of  hydrogen.  Now,  on  comparing  together  the  quitn- 
tities  of  oxygen  which  in  tliese  two  conipoimdij  aie  united  with  an  equal 
quantity,  say  I  part  of  hydrogen,  it  is  evident  that  ia  water,  for  i  of 
hydrogen  i£sxe  are  8  of  oxygen: 

Since  ii*i  :  88*9  : :  i  :  8. 

And  by  a  simihu  process  ii  is  se<'n  that  in  tJie  peroxide  of  hydrogieQ,  foi 
I  imt  of  hydrogen  16  of  oxygen  are  preiieut: 

$*9  :  94*1  : :  I  :  i6. 

Tho  qnantity  of  oxyn;<>n  combined  with  the  hydro{:jen  in  the  jHTOxido, 
bLMni::  j  i  t  double  what  it  was  when,  combined  with  the  same  quantity 
of  iiydiogeii  in  water. 

*'  A  similar  simple  proportion  Ivtween  the  quantities  of  the  com- 
bining elements  is  found  to  hold  good  in  overv  series  of  com]xninds 
formed  by  the  union  of  two  elenu'nts  witii  each  other.  A  c*  rtu-u 
quantity  of  one  of  the  elements  (  ^mbines  with  a  certun  quantity  of  the 
other;  in  the  next  comfwuud  \s  itii  twice  as  much  as  in  the  first;  in  the 
next  with  tliree  times ;  in  the  next  witli  four  times  that  quantity,  and  so 
on.  Sometimes  the  proportion  is  rather  less  simple,  two  }>i  uj>«>rtion8  of 
one  element  combining  with  3,  5,  7,  or  9  of  the  other. 

This  important  law,  which  was  first  clearly  established  by  Dnltoo, 
was  explained  by  him  by  means  of  his  Atomic  7%eory»,  Upon  this 
hypothesis*  the  ultimate  particles  of  each  element  are  ooosidered  to  be 
uniform  in  size  and  in  weight  for  that  element^  and  moreover  to  be  in- 
capable of  farther  snbdivision.  When  bodies  unite  chemically,  as  the 
particles  of  the  same  element  have  all  the  same  site  and  relative  weight, 
the  proportions  in  which  they  combine  must  be  definite ;  and  &rthcr,  if 
they  ttnite  in  several  different  proportions,  those  proportions  must  be 
simrilv  related  to  eacli  tHlier.  Tims,  water  mav  be  conceived  to  1k»  a 
compound  in  which  each  s^-parate  particle  of  hvdropren  is  united  with  a 
single  particle  of  oxvgen  ;  and  ]><  mxide  of  hydrogen  would  l)e  roprt^ 
sented  as  consistinLr  of  a  combination  of  two  particles  of  oxygen  with 
each  particle  of  hydrogen, 

3.  "  This  explanation  will  simplify  the  consuk'ration  of  the  third  law, 
which  is  usually  known  as  the  Law  of  Et/uicaletU  Proportions.  It  mav 
l^  stated  as  follows : — An  eletnentary  mbstance,  in  emnhihiitf/  icith  other 
dements^  does  so  ia  a  fixed  pmportton,  vehicle  may  he  represetded  huuicri- 

If  a  certain  proportion  of  an  element,  A,  nnites  with  certain  ottier 
fixed  quantities  of  dtiTerent  elements,  B,  C,  D,  &c.,  to  fonn  compounds 
AB,  AC,  AD,  &c,  the  quantities  of  C,  and  D,  which  so  unite  with 
A  will  also  be  the  quantities  in  which  B  and  C,  C  and  combine 
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to  form  coin|X)aiid  BC,  BD,  CD,  &c."  Elements  of  Chemistry,  1855, 
1.  12. 

I  devote  the  following  pages  to  the  exposition  of  focts,  which  show  tliat 
the  "  law  of  combaiati(m  in  muUipk  proportions,'*  the  main-spring  of  the 
atomic  theoiy,  is  uoflomid;  that  it  is  foooded  on  a  faUaci/,  and  that» 
being  fiilkidoas,  it  neoeBBarilj  leads  to  piactices  which  are  iDjiirioas  to 
chemical  phtloeophj. 

The  particalar  fallaqr  to  which  I  allnde  is  this : 

a)  .  It  IS  a  fact^  that  compotmds  exist  which  ooi)tai&  uneven  nombeis 
of  the  elements  of  which  they  are  composed ;  such  as 

A-fA-fBjA+B-l-B;  A4.A  +  B+  B4-B. 

b)  .  It  HAT  BE  a  fact,  that  these  compoands  are  constitated  by  the 
direct  combination  of  all  the  atoms  of  one  kind  with  all  the  atoms  of  the 
other  land.   Thus : 

AA  +  B;  A  +  BE;  AA  +  BBa 

c)  .  It  MAY  HE  a  facty  that  chemical  combir)ation  never  takes  place 
except  between  single  atoms  of  clenionts,  ur  single  ei^uivalents  of  com- 
pomids,  in  which  case  the  coiiij>ouuds  which  contain  the  number  of 
atoms  of  A  and  B  specified  above,  most  make  certain  intermediate  com- 
pounds. Thus: 

A  +  AB;  AB  +  B;  AB  +  (AB  +  B). 

The  supposition  marked  c  is  in  accordance  with  the  dectio-chemical 
tfaeoiy.  The  supposition  marked  6,  sets  the  electro-chemical  theory  at 
defisnce;  for  as  it  is  against  all  experience  in  electrolytic  researches,  that 
a  compound  represented  by  the  formula  A'B^  should  be  separated  into 
AAt  going  off  at  one  electrode,  and  BBB  going  off  at  the  other ;  so  I 
conceive  it  to  be  equally  opposed  to  electro-chemical  probability,  that 
combination  should  take  place  directly  between  such  clumps  of  atoms  as 
AA  and  BBB. 

Bnf,  tlie  law  of  combination  in  multif)le  proportions  is  founded  U|x)n 
the  supposition  which  is  marked  It  takes  lor  granted,  but  never  pre- 
tends to  otler  the  shghtciit  proof,  that  combination  actuallv  occurs 
between  nmltiple  proportions  of  atoms.  Now,  if  the  snp[>o.-itu.ii  which 
is  marked  c  should  prove  to  he  true,  that  vvhicli  is  marked  b  mnst  neces- 
isarily  b«  false,  and  in  that  case  the  law  of  combination  in  iuu;ti})le  ])ru- 
portious  is  false;  while  so  long  a:>  it  remains  aiicertain,  whether  sup- 
position h  or  supposition  c  is  true,  it  is  a  fallacy  to  reason  as  if 
supposition  6  was  absolutely  known  to  be  true.  The  law  of  combination 
in  multiple  proportions  is  therefore  uneoond  and  not  to  be  trusted. 

We  are  indebted  for  this  law  to  Dalton,  and  we  have  only  to  look 
into  the  writings  of  that  philosopher  to  find  how  feeble  and  uncertain  Is 
the  OTldenoe  upon  which  the  hiw  is  £>unded.  Indeedt  while  Dalton  lakl 
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down  this  law  respecting  the  combination  of  elemeots  m  imiltiple  pro- 
portions, he  confessed  that  he  was  totally  unable  to  detennine  how  much 
of  any  single  dment  constituted  a  single  jiroporHon,  If  he  was  nnable  to 
determine  how  much  constitated  a  single  proportioQ,  sun  1  y  he  was  in- 
axnpeteiit  to  deteimme  how  much  constitated  a  multiple  proportion, 
and  if,  while  in  this  state  of  ignorance  respecting  llie  veiy  premises  of 
his  argument,  he  made  laws  which  implied  the  posBession  of  aocmafte 
knowledge,  though,  by  accident,  the  laws  might  prove  to  be  true,  tiiere 
was  iu  greater  chance  of  their  proving  to  be  false. 

I  copy  the  following  statement  from  tlie  Memoirs  of  John  TkiiUm,  by 
Dr.  W.  C.  Henry,  published  by  the  Cavendish  Society  in  1854. 

"  It  must  be  conceded,  in  limine^  that  the  great  atomic  generalisation 
doos  not  ritand  on  the  solid  bnsis  of  indnction,  which  i<  li*'rc,  in  its  fir«?t 
announcciiu'iit,  chiiniod  for  it^  ))v  its  ilkistrioiis  Author.  Kvoti  assuming 
the  existence  of  elem^'ntary  atoms  of  dilTerent  weights  (it.solf  obviously 
hy]M)tlietical),  we  are  not  in  possession  of  the  mathonintical  elements 
Deces8;irv  U)  Infer  '  from  the  n^lative  weicrhts  in  the  moss,  the  relative 
weiehts  of  the  ultimate  ^xirtii  K  01  atouir,  of  the  bodies.*  AH  that  is 
cerUji/ih/  o'itahlished,  is,  the  proportions  by  weight  in  v\  hi(  li  bodie?  com- 
bine,— in  Dalton'ri  words,  'the  relative  weights  of  the  simples,  which 
constitute  a  compound.'  Now  these  relative  or  equivalent  weights  are, 
on  the  atomic  hypothesis,  the  products  of  the  atomic  weights  into  the 
number  of  atoms.  Consequently,  to  infer  llie  unknown  atomic  weights 
from  the  known  equivalents,  we  require  the  number  of  atoms.  Bot 
these  numbers  cannot  be  aacertained  in  tiie  case  of  a  single  chemical 
compound.  They  can  only  be  gathered,  according  to  grounds  of  proba* 
hSity,  from  rarioos  relations  and  arguments,  to  be  her^fber  enummted. 
This  general  statement  may  be  made  clear  by  a  single  example.  It  is 
established  by  experiment,  that  8  parts  by  weight  of  oxygen  combine 
with  I  part  by  weight  of  hydrogen.  Let  U'  and  w  represent  the  un- 
known atomic  weights  of  oxygen  and  hydrogen,  and  N  and  fi  the 
numbers  of  atoms  present  in  each  mass  respectively, 

Then  NW  =  8  and  «w  =  I 
And  ?F  =     and  la  «  ^ 

Wand  w  cannot  be  inferred  vvithout  knowing  ^Yand  n. 

**Mr.  Dalton  derived  the  numerical  value  of  ^and  n  fi-om  a  suppo- 
sition, which,  though  highly  probable,  is  still  nothing  mote  than  an 
hypothesis.  He  maintained,  that  the  most  stable  oombSnations  must  be 
binary,  and  that  when  only  a  single  combmatioQ  of  two  elements  was 
known,  it  was  probably  binary.  Water  was  the  only  compound  of 
oxygen  and  hydrogen  then  known  to  exist.  He  therefore  regarded  it 
as  constituted  of  one  atom  of  oxygen  and  one  atom  of  hydrogen.  Heooe 
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S  and  n  being  ideDtical,  the  atomic  weights  will  be  represented  by  the 
equivalents  8  and  i. 

For  W :  w  - 

To  bring  out  more  distinctly  the  hypothetical  character  of  this  reasoning, 
it  may  be  (^served,  that  Berzehus  never  admitted  water  to  be  a 
*  binary  compound but  inferred  from  its  being  constituted  of  i  jiart 

by  volume  of  oxygen  and  2  ])arts  of  liydrogen  by  volume,  that  it  consists 
of  I  atom  of  oxygon  united  witii  2  atoms  of  hvdrof^on.    Substituting  i 
and  2  for  .Yand  n  in  tlu-  aboNX'  rurnmla,  we  obUuu  l6  as  the  weight  of 
the  atom  <»t Oxygen,  liydrognii  Iw-ino;  unitv. 

**  Matlii  inatical  certainty  id,  tiieidore,  not  attainable  (even  if  we 
admit  tlie  existence  of  atoms  of  different  weights)  in  any  single  at(juiic 
determination.  It  is  in  vain  to  coiitrnd  for  a  iiiglit-r  ck-gR-o  of  evidence 
than  tlvat  of  pivh(ibilifi>'s^  in  support  of  the  atomic  liypotliesis  itself;  ur 
still  kss  of  special  calculations  of  the  weights  ui  eieiiientary  and  com- 
pound atoms. 

"After  tbifl  distinct  avowal,  it  will  be  more  aatis&ctory  to  recal 
Dalton's  mode  of  estimating  the  number  of  atoms  in  compounds,  in  his 
own  words,  as  expressed  in  the  Appendbc  to  his  second  volmne,  1827, 
and  as  therefore  conveying  Ids  matured  views  and  final  teaching. 

« The  second  object  of  the  atomic  theoiy,  namely,  that  of  invest!* 
gating  the  number  of  atoms  in  the  respective  componnds,  appears  to  me 
to  have  been  little  understood,  even  bj  some  who  have  undertaken  to 
expound  the  principles  of  the  theor)-.  When  two  bodies,  A  and  B, 
combine  in  multiple  proportions;  for  instance,  10  parts  of  A  combined 
with  7  of  B  to  form  one  compound,  and  with  14  to  form  another,  we 
are  tlirected  by  some  authors  to  take  the  smallest  combining  proj>nrtion 
ot  one  bodv  as  representative  of  the  elrment;irv  |)articl'  or  atom  of  that 
bodv.  Now  it  must  be  obvious  to  anv  one  of  coniiunn  rt  flection,  tliat 
such  a  rule  will  Ih:*  more  Ih-ipu-utly  wrong  than  right.  For,  by  the 
same  ruie,  nuist  consider  the  first  of  tlie  combiiKitions  as  containing 
1  atom  of  B,  and  the  second  as  contiiiuinp^  2  atoms  oi  B,  with  i  aton 
or  moro  of  A  ;  whereas  it  is  equally  probable  by  the  same  rulf,  tliat 
the  conijKjuiKls  may  bo  2  atoms  of  A  to  I  of  B,  and  i  at' in  ot  A  to  i 
of  B  rcsuootivf  iv  ;  I'l  r,  the  ])roportions  being  10  A  to  j  B  (or,  which  is 
the  faume  ratio,  20  A  to  14  B),  and  10  A  to  14  B,  it  is  cleai'  by  the 
rule,  that  wlien  the  numbers  are  thus  stated,  we  must  consider  the 
former  combination  as  composed  o(  2  atoms  of  A  and  the  latter  of  i 
atom  of  A,  united  to  i  or  more  of  B.  Thus  there  would  be  an  eqwd 
chance  ibr  right  or  wrong.  Bnt  it  is  possible,  that  10  of  A,  and  7  of  B 
maj  correspond  to  i  atom  A,  and  2  atoms  B;  and  then  10  of  A,  and 
14  of  B,  must  represent  i  atom  A,  and  4  atoms  B.  Thus  it  appears 
the  rule  will  be  more  frequently  wrong  than  right   It  is  necessary  not 
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only  to  consider  the  combinations  of  A  with  hut  also  those  of  A 
witli  C,  I),  E,  &r.,  as  well  uii  those  of  H  with  C,  D,  E,  &c.,  before  we 
can  have  good  rteiuoQ  to  be  satisfied  with  our  determinations  as  to  the 
nuaUmr  of  atoms  which  enter  into  the  various  coropouods.  Ekmente 
formed  of  azote  and  oxygen  appear  to  contain  |)ortions  of  oxygen,  as  the 
numbers  i,  2,  3,  4,  5,  auooessively,  so  as  to  make  it  higUy  improbable 
(liat  the  combinationa  can  be  effected  in  any  other  than  one  of  two 
ways.  But  in  deciding  which  of  these  two  we  ought  to  adopt,  we  have 
to  examine  not  only  the  compositioDS  and  deoompoiiitions  of  the  several 
compounds  of  these  two  elements,  but  also  compounds  which  each  of 
them  forms  with  other  bodies.  I  have  spent  much  time  and  Ubonr  upon 
tliese  compounds,  and  upon  others  of  the  primary  elementst,  carbon, 
hydrogen,  osygen,  and  azote,  which  appear  to  me  to  be  of  the  greatest 
im|)ortance  in  the  atomic  system ;  but  it  will  be  seen  that  I  am  not  satis- 
fied on  this  head,  either  by  my  own  labour  or  that  of  others,  chiefly 
tiurough  the  want  of  an  acciimtc  knowledge  of  combining  proiwrtions."* 
This  extract  proven  that  Daltoii,  at  the  time  of  his  "  matnnM:!  views 
and  final  teaching,"  in  tlie  year  1827,  was  unable  to  dotcnuine,  l>y  ih<' 
helj)  of  Ills  Mtomio  thoorv.  }u>w  much  of  any  sin<^le  eliinenf  ( onstittited 
a  single  nmuHiniiii  pmiHjrtvni,  Thirty  years,  fruifftil  in  cht'iiiical  dis- 
coveries, have  since  ela])sed.  But  the  disciples  of  Daltou  are,  at  this 
time,  as  una!il«.-  as  was  the  ])hiloso))lier  himself",  from  the  hoHnn'ng  to 
the  end  of  liis  career,  to  determine  iint  atomic  weiglit  of  any  sinvrle 
tilement  by  the  help  of  the  atomic  theory.  The  defect  is  a  radical  one  ; 
and  a  *•  fixed  law,"  afiecting  "  to  regulate  combination  in  multiple  pro- 
portionft,*'  instituted  in  virtue  of  a  theory  which  cannot  distinguish 
multiple  proix>rtion8  from  single  proportions^  can  only  be  regarded  as  a 
house  built  upon  shiiUng  sands,  liable  to  be  moved  hither  and  thither 
with  every  wave  of  adverse  doctrine. 

Rrlatiok  of  the  Atomtc  Wkights  of  Elements  to  the  Spbcific 

QBAVmBB  of  THEtR  GaSGS. 

Among  the  methods  that  have  been  suggested  for  determining  how 
much  of  an  element  constitutes  a  combining  proportion,  the  one  which  is 
apparently  least  liable  to  error,  is  that  which  considers  the  specific 
giBvities  of  elementary  gases  to  be  the  exprassion  of  their  combining 
proportions.   Upon  that  idea, 

the  atomic  weight  of  oxygen  is  =  16 
that  of  hydrogen  is  s  i 
„      chlorine  is  s  35*5 
„      nitrogen  ia  <=  14 

It  was  |)oiuted  out  I  v  Gay-Lussac  in  the  year  1809,  that  the  con\biniiig 
weights  of  the  tienients  which  produced  ^asos,  l)ore  a  relation  to 
the  weights  of  single  volumes  of  gabies,  so  tiiat  combination  actually 
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took  place  either  between  even  volomes  of  gases  or  between  simile 
multiples  of  even  volnmes» 

Thus  nearly  at  the  same  time  ihat  Dalton  inmnUd  the  atomic  theory, 
Gay-Lussac  discowrmi  this  law  of  nature.  Of  these  two  things.  Gay- 
Lussac's  has  proved  to  be  by  far  the  most  beneBcial. 

The  difference  in  value  between  the  two  systems  is  easily  shown 
by  a  lew  examples.  One  volume  of  hydrogen  and  one  volumo  of 
chlorine  produce  two  volumes,  or  one  atom,  of  hydrochloric  acid.  This 
would  agree  with  either  theory. 

Two  volumes  of  hydrogen  and  one  volume  of  oxygen  fom  one  atom 
of  water,  which  in  the  state  of  gas  measures  two  volumes. 

Eqtial  volumes  of  hydrogen  and  oxy<:en  produce  peroxidr*  of  hydropren. 
Of  course,  equal  volumes  may  .sigiiiiy  O*  +  H*,  or  O*  +  H".  This 
compound  is  unknown  in  tlie  stak*  of  gas. 

We  liavo  seen  that  in  the  intcr[)retatioii  of  tbo  ronstitiition  of  wat^r, 
Dalton  went  u|X)n  no  fixed  ground.    He  1*  ml  it  to  be  composed 

of  one  atom  of  each  element,  because  it  vxis  the  only  cofnjv>!(nd  of  oxygen 
and  hrjdroffen  with  whicJi  Jm  teas  acquainted.  Professor  Miller's  argument 
is  scarce! V  more  cogent.  **  Water,"  he  says,  **may  be  conceived  to  be 
u  compound  in  whicii  each  separate  particle  of  liydrogen  is  united  with 
a  single  pailicle  of  oxygen ;  and  peroxide  of  hydrogen  would  be  repre- 
sented as  ooDsisting  of  a  combination  of  two  particles  of  oxygen  with 
each  particle  of  hydrogen." 

But  if,  as  Beizelius  originally  suggested,  we  take  a  siiigle  volume  of 
each  of  the  four  gases  above  named  to  represent  a  single  combining  pit>- 
portion,  we  are  freed  at  once  from  doubt  and  difficult,  at  least  as  iiff  as 
respects  tliese  four  elements  and  their  compounds.   Thus : 

One  vol.  of  chlorine  =  CI  ) 

One  vol.  of  hydrogen  —  H  f 

One  vol.  of  hydrogen  =  H  1 

One  vol.  of  oxygen  =0  | 
Two  vols,  of  hy<lrogen  =  HH  ) 

One  vol.  of  oxygen  =0  f 

Two  vols,  of  nitrogen  =  NN  ) 

One  vol.  of  oxygen  =0  | 

One  vol.  of  nitrogen  =  N  j 

One  vol.  of  oxygen  =0  f 

One  vol.  of  nitrogen  s  N  1 

Two  vols*  of  o^gen  s  00  } 

The  point  to  be  observed  here — ^the  great  point,  tlie  useful  pointy  the 
deciding  point,  is,  that  we  not  only  weigh  the  combining  proportions^ 
but  we  also  mbabubb  them,  and  we  acquire  by  that  means  a  security 
which  Dalton*s  atomic  theory  can  never  aflbrd  us.  If  the  i-esulting 
volumes  of  the  compounds  produced  by  the  combination  of  these  gases 


Hydrochloric  acid. 
2  volumes, 
as  HO    -  Peroxide  of  hydrogen, 
"    volume  unknown. 
Water. 

2  volumes. 
Protoxkle  of  nitrogen. 
2  volumes. 
_  _  Deutoxide  of  nitrog^en. 

2  volumes. 

—  NOO  -  P^**^**  of  nitrogen. 
~  "2  volumes. 


=  HHU 
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had  beeo  marki-d  by  rep^arity,  the  aecurify  ifibrded  by  tbiB  method  of 
reasoning  would  no  doubt  have  been  perceived  by  chemists  loDg  ago ; 

bat  the  irri>gnlarity  of  the  atomic  meaatiroB  of  these  oi^m|x>iind  gases 
obscured  the  view  which  chemists  oaght  to  have  taken  of  their  compo- 
sition and  coni|M^fiont«. 

Consult  the  Inquiry  into  the  Causes  which  modify  the  Atomic 
Measure  ot  C  'oni]>onnd  Gases,"  pap-o  94. 

Let  us  follow  "lit  tlio  arsTument  arrived  from  tlit-  constitution  of  gase.-. 

Onlv  a  f<MV  f'l'  th<"  clemi'iits  ])ru(lu(  »^  gases  at  the  onlinary  tPTr>|H-ra- 
ture  of  til'*  air,  atul  wo  must  derive  the  atomic  weiL^^hts  nf  the  IixmI  or 
non-v«>l:Uilf  <  K  uienls  by  indirect  processes.  Yet  the  rLlcrviioi'  t<>  tht 
densities  ai  ih.-  foin*  ffjisi^s,  as  fundamental  authorities,  is  of  tiie  greatest 
im]iortane«'.    1  Iranie  upuu  it  the  observation  that — 

7'Ac'  comliftnu/  pw})ortion  of  any  cUment  is  the  quantity  ichich  is  cltem^ 
colly  eijuirai>'nt  to  a  single  volume  of  hydrogen  or  of  cldorine, 

I  take  hydroi'hloric  acid  as*tiie  model  of  -a  chemical  compound,  or  as 
I  have  called  it,  for  shortness,  a  Salt.  The  fbrmula  is  HO,  m  wbicfa 
H  and  CI  represent  two  elements,  each  of  which  is  separately  replace- 
able by  other  elements.  To  these  two  replaceable  halves  of  a  aalt, 
whether  simple  or  compound,  I  apply  the  term  Radical:  in  this 
example,  H  is  the  basic  radical  and  CI  is  the  acid  radical.  If  CI  is 
replaced  by  Br,  we  procure  the  salt  HBr;  if  ivplaced  by  J,  We  pio- 
cure  the  salt  HI.  The  quantity  of  Br  which  replaces  3^*5  parts  of 
CI  weighs  80:  the  rjiiaiitity  of  I  weighs  127.  If  these  quantities  of 
Br  and  J  are  r<ns«xl  in  iieat  into  vapour  until  tliey  measmie  as  much 
as  one  volume  of  chlorine,  the  specific  gravitiea  of  the  vapours  become 
as  follow : 

=  35*5;      a  80;  I  =  127. 

Conse(|uenilv.  tliese  replao  nuiits  contirni  the  .'ircuiaey  of  the  rule,  and 
fix  the  atomic  weights  of  Br  and  I.  On  the  other  hand,  if  we  replace 
the  basic  H  in  HCl  by  a  metal,  as  In  |)<)tas>mni,  barium,  silver,  &c., 
we  [>roduce  ICCl,  liaCI,  AgCl,  &c.,  ajid  these  quantities  of  mtlvds  ccni- 
biue  equally  vvull  w  ith  the  equivalent  quantities  of  Br  and  I,  to  produce 
the  neutral  salts  KBr,  KI,  BaBr,  Bal,.  and  AgBr,AgI ;  consequentJy, 
the  quantities  K,  6a,  and  Ag  are  the  equivalents  of  H. 

Proceeding  in  this  manner,  we  gradually  discover  how  much  of  each 
known  element  is  the  equivalent  either  of  H'  or  Cl^  The  quantities 
thus  determined  are  quoted  in  the  Table  which  is  printed  at  page  18, 
and  which  I  take  the  liberty  to  call  here,  a  Table  of  iSimpfe  RadhaU,  In 
the  course  of  this  proceeding,  experiment  devebps  the  pcHniliarity,  that 
certain  metals  possess  the  power  to  form  t\oo  simple  radicals  which  dife 
from  one  another  in  weight,  but  not  in  their  chemical  equivalency,  each 
b^ng  able  to  repla*  e  H'  and  to  neutralise  CIS  Br',  or  P,  and  to  produce 
a  series  of  neutnd  salts,  equivalent  to  one  another  in  chemical  power, 
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bat  poBsesaed  of  entirely  diflTerent  pliysical  properties.  Thus  iron  can 
produce  a  radical  the  weight  of  which  is  28,  and  anolber,  the  weight  of 
which  is  1 8|,  and  these  t^  o  radicab  produce  tvro  extensive  series  of 
salts,  which  differ  greatly  in  tlieir  projierties,  but  only  in  tlieir  compo- 
sition to  the  extent  that  28  by  weight  of  iron  in  one  salt  is  replaced  by 
i8§  of  iron  in  the  other,  all  other  ckincnts  in  the  salts  remaintBg  the 
same.  From  the  fact  that  these  radicals  ])iYKluce  salts  that  are  perfectly 
and  characteristically  distinct  from  one  another,  I  assume  tliat  the 
mdicixls  themselves,  though  l>oth  produced  by  iron  only,  are  perfectly 
diUerent  radicals.  This  argument  is  pursued  at  page  32,  and  I  need 
not  repeat  it. 

(Jii  the  Dalt<:)nian  theory,  this  parallelism  in  the  sets  of  salts  is  not 
acknowledged  to  exist.  Instead  of  it,  a  tri})lication  is  made  of  all  the 
ingredients  of  one  of  tiie  sets  of  snlts,  and  the  tri]ile  atoms  are  in  each 
salt  divided  into  an  imaginary  €<»ngl  infrntioii  of  three  atoms  of  **acid" 
and  a  "base'*  consisting  of  two  atMiu:.  .f  metal  and  thn^e  atoms  of 
oxygren,  with  wiucii  b;Lse  the  three  aLuiii.-".  of  acid  are  assumed  to  be 
combined.  T  have  criven  an  example  of  such  saltii  at  jxige  37.  These 
complex  salt.s  are  ukcu  under  the  especial  patronage  of  the  law  of  com- 
binatiuu  in  mnltijile  proportions.  They  are  commonly  called  salts  of  the 
sesquioxides,  and  their  asbumed  composition  is,  without  exception,  ima- 
giuar)'  and  unreal. 

The  formula  which  I  have  adopted  as  the  model  of  a  saU^  namely, 
HCI,  is  of  great  importance  as  regards  orgaoic  compouods.  I  have 
shown  that  a  vast  number  of  oiganic  compounds  may  be  arranged  in 
three  groups: 

A,  Baaic  liodkals,    i>.  Acid  Radicals,    C,  Salts, 

The  basic  radicals  are  equivalent  to  H,  or  a  single  volume  of  hydrogen ; 
the  acid  radicals  are  equivalent  to  CI,  or  a  single  volume  of  chlorine ; 
the  salts  are  equivalent  to  HCI,  or  to  two  volumes  of  h} drochloric  acid : 
the  evidence  in  support  of  these  fiicts  is  given  in  the  1  able  of  Gases  at 
page  49,  and  in  Uie  commentary  which  follows  it    This  evidence  is 
abundant  and  conclusive.  It  proves  that  a  radical  measures  one  voliune, 
and  tliat  it  is  of  no  importance  as  respects  its  measure  whetlier  a  radical 
is  simple  or  compound,  whether  it  is  oxidised  or  not  oxidised.  In 
short,  it  proves  that  one  volume  is  the  measure  of  a  chemical  equiva- 
lent, an  acting  quantity,  a  combining  prof>ortion,  or  an  atom,  give  it 
what  name  vou  T)I»'n<*\  r>nd  therefore  that  one  volume  of  an  elenuntarv 
gas  is  tlic  quantity  with  wliich  we  mav  Ix-Lcin  to  construct  our  '1  able 
of  Atomic  \Vei;^lits.     The  entire  set  of  laws  which  are  founded  on 
the  **  atomic  tlie<xy "  are  utterlv  iiisi;i:niricant,  when  comj^iaixil  with 
the  results  which  tlius  naturally  liow  from  Gay-Tjissac*s  discovery  re- 
specting the  combination  of  gases,  and  Berzelius's  perception  of  its 
utility* 

2  N 
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The  discovery  of  the  fiut  tiiat  ndicals  of  ev«ry  deeeriptioD  m  tlie 
eqaiTolente  of  aod  Ci\  md  that  two  mdioalt  complete  a  adt,  wfaetlier 
oxygen  is  preaent  or  not,  vednoea  the  theory  of  salts  to  great  stmplici^, 
and  goes  &r  to  oUiteiste  the  needless  and  absurd  dis&ction  yAkh  is 
naually  made  between  inoiganic  cfaemistry  and  atganic  chemistn*. 

I  need  scarcely  refer  in  this  siinunary  to  matteis  of  detail  that  have  , 
been  amply  developed  in  the  article  on  the  gaaea^  anch  as  the  iact,  that  i 
oxygen,  caitai,  lulphur,  and  radicala  with  ap  eren  number  of  atoms 
of  iiydrogen,  measnro  nothing  in  gaseous  salts;  nor  to  any  other 
of  tlie  ]M'CMliaritie.s  of  the  elements  of  gases,  the  elimination  of  which 
has  enal'led  me  to  give  to  the  theory  of  gases  a  useful  degree  of  ^ 
eJUictiH'Ss.    Sfe  ])ag(.'  108. 

It"  the  law  of  cumljination  in  multipl*^  proportion??  was  well  founded, 
md  could  L'xplain  anything,  it  miglit  be  useful  in  organic  chemistrv  to 
explain  the  production  of  complex  orgJinic  radicals.  Let  m  see  ijuw  it 
helps  us  there.  Turn  to  page  52"),  and  l(A»k  down  Group  A.  What 
does  the  law  of  combination  in  multiple  ])ro])ortions  tcsich  u:s  in  reference 
to  the  radicals  which  are  formulated  in  that  column?  Reading  the 
Table,  in  acoocdance  with  this  law,  we  may  say — "  Oae  atom  of  carbon 
combines  with  thrse  atoms  of  hydrogen  to  form  one  atom  of  methyl. 
Twenty-seven  atcma  of  caibon  oombins  with  fifty-five  atoms  of  h)  drogea  > 
to  form  one  atom  of  ceryl.  Thirtj  atoms  of  cariwn  combine  witfi  sixty- 
one  atoms  of  hydrogen  to  Ibrm  one  atom  of  myricyl/*  That  is  the 
teaching  <^  the  law  of  oombinatioa  In  mnMple  proportions !  Oan  any 
hmnan  being  believe  such  atatsments  to  be  true?  What  kind  m 
affinity  "  is  it  which  induces  30  atoms,  all  alike^  to  combine  with  one 
another  into  a  clump,  which  induoea  61  other  atoms,  also  all  alike,  and 
in  the  presence  of  30  different  atoms,  to  combine  with  one  another  into 
another  clump,  and  which  then  indacea  the  two  dnmpa  to  combine  into 
one  compound  ? 

I  c  mfcss,  that  this  doctrine  of  combination  in  multiple  pro|x)rtions  is 
beyond  my  powers  of  comprehension,  and  I  aist  it  aside  as  a  useless 
inctmibrana?.  I  do  not  believe  that  the  radicals  of  Group  A,  |*ag*.'  525, 
are  in  any  case  foniK^l  by  the  direct  combination  of  all  their  carlxm  with 
all  tlicii  hydrogen.  On  the  conti^y,  I  believe  that  the  radicals  of  this 
group,  like  those  of  all  other  groups,  are  built  up  progressively  by  the 
method  which  I  have  described  in  the  last  section.  The  evidence  in 
favour  of  this  supposition  is  the  fact,  that  at  each  step  of  the  progression, 
a  definite  ndinl  is  produced  which  possesses  an  ascertainable  in- 
dividuality. 

Thus,  H  is  a  radical  =  Hydrogen. 

C-f-H  is  a  radical  =  CH,  Formyl, 
CFl-f-H  is  a  nidioil  =  CH',  Vinyl. 
Cir-f  H  is  a  radical  =  CH%  Methyl 
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Then,  in  another  series  we  have 

H  +  CH*  =  CH".  metbvl. 
CH»4-CH«=  CH*,  ethyl, 
C*H*4-CH«  =  eH',  propyl,  and  so  on  to 
C^^H^+CH"  =  C*H«',  myric>'L 

Tn  this  process  of  construction,  everything  goes  on  step  by  step,  aiid 
every  step  is  of  use.  There  is  no  evidence  of  the  occurrence  of  those 
monstrous  jumps  of  one  mighty  block  of  at^^ms  to  join  another  miL^hty 
block,  which  the  law  of  combination  in  multiple  pro]X)i  tions  calls  upon 
its  votaries  to  credit. 

When  a  galvanic  dxcidt  shall  be  fbund  to  require  20  zincodes  and 
61  platinodes,  and  shall  be  able  to  deoompoae  an  atom  of  myricyl  in  such 
a  manner  as  to  finow  off  30  atomA  of  carbon  at  the  zincodes  and  61 
atoms  of  hydrogen  at  the  platinodes,  and  shall  thereby  give  ns  some 
reason  to  believe  in  the  possibility  of  **dMm^po8&ion  in  miStiple  propor* 
tions,"  it  will  be  time  to  begin  to  bdieve  in  the  assumed  fact  of 
**eo9Miatk/n  in  multiple  proportions;"  bat  there  is  no  necessity  to 
adopt  this  belief,  till  we  have  witnessed  the  performance  of  that 
exponment* 


The  Evidence  of  Electr^siB  iu  &voi2r  of  the  Badical 

lAeory. 

As  the  terms  employed  by  writeis  on  electRHshemistry  difo  greatly, 
I  take  the  liberty  to  prefix  a  list  of  synonyms. 

I^€g^tive  Pole;  —  pole;  cathode;  jrfatinode;  negative  electrode. 
To  this  pole  go  £^diogen,  Metals^  Alkalies^ 

Positive  Pole  ;  +  ]  ^  )Ie ;  anode  ;  zincocle ;  positive  electrode. 
To  thin  polo  go  Oxygen,  Chlorine,  Acids. 

A.  MAoiius's  Kesults. 

An  interesting  series  of  electrolytic  researches  "  has  just  been  pub- 
lished by  Professor  G.  Magnus  {Poggendorff's  AnncUen  der  Fht/sik  und 
Chmk,  No.  9,  1857,  Band  cii.),  from  which  I  extract  the  following 
12  lesnlts ;  i^erring  to  the  orighial  essay  for  details. 

I.  For  I  equivalent  of  oxygen  disengaged  [in  the  voltameter],  when 
cuprous  chloride  is  acted  on,  a  equivalents  of  copjDer  are  deposited. 

z.  From  stannoiis  chloride,  Sn-f-Cl,  for  i  equivalent  of  oxygen, 
I  equivalent  of  tin.  o  .    ^{    c  ^      ^    .    t  :  U 


$48  BVmiKCB  OF  BLECTB0LT8I5 

3.  From  stannic  chloride,  Su+iCl,  for  i  eqiiivalent  of  oxygen,  Laii 
an  equivalent  of  tin. 

Hence,  an  atom  of  stannoos  chloride  requires  for  its  deoomposithMi 
ha]f  as  moch  electrical  power  as  an  atom  of  stannic  dilon^ 

4.  When  the  current  went  from  the  voltameter  6rBt  through  copric 
sulphate  and  th&i  thnnigh  capioos  chloride,  twice  as  much  copper  was 
deposited  in  the  latter  as  in  the  former. 

5.  There  is  no  evidence  in  ftvoor  of  DanieU*s  sapposttion  of  the 
d-  c  mposability  of  CaO+SO*  into  Cfa+SO. 

6.  When  an  aqueous  solution  of  pure  cr}*staUi8ed  iodic  acid  is  acted 
upon,  I  equivalent  of  iodine  is  deposited  on  tlic  negative  electrode  and 
5  equivalents  of  oxygen  are  set  free  on  the  positive  electrode^ 

7.  It  requires  five  times  the  electric  power  to  decompose  an  atom  of 
iodic  acid  =  1 4.  O',  that  it  requires  to  decompose  an  atom  of  water 
=  H  +  O. 

8.  The  same  electric  power  is  required  to  separate  tho  same  (|U;intity 
of  oxygfn  from  iodic  acid  mid  sulphuric  acid,  whil.-  lor  li*  di^'Qgaged 
by  the  su]j)huric  acid  only      is  deposit<-d  by  the  loclic  acid. 

9.  To  (l(  com))o.se  an  atom  of  ferric  sulphate  =  Fe*(  >^  -f-  3SO*  -h  A(\ 
into  ferrous  suljthate  2(FeO  -f-  SO*)  and  into  oxviren  O.  and  sulphui  ic 
acid  SO",  it  requires  the  same  power  as  to  decunqjas'^  <Ui  atom  of  w  ater 
H  +  O,  and  also  the  same  \)Owei  as  to  decomjwse  FeO  +  SO*  into  iron 
on  the  one  side,  and  oxygen  and  sulphuric  acid  on  the  other. 

10.  The  same  power  is  required  to  separate  a  simple  substance  fiom 
a  binaiy  compound  as  is  required  to  separate  it  from  a  oomplez  saline 
compound. 

11.  This  result  may  present  a  difficulty  to  chemists,  who  can  only 
conceive  the  decomposition  of  a  salt  to  be  into  an  add  and  a  base ;  for, 
accordmg  to  this  view,  the  power  which  is  required  to  decompose  the 
oxide  must  also  be  strong  enough  first  to  separate  the  (^xido  from  the 
acid,  and  then  to  decompose  the  oiide.  But  this  difficulty  falls  away 
if  we  consider  the  galvanic  decomposition  to  be  a  distribxdvoe  actton  if 
the  electricity  (eine  vertheilende  Wirkung  der  Elei  tricitat). 

1 2.  H<iw  greatly  the  atoms  which  are  equivalents  in  e^lvanic  action 
diOer  from  chemical  atoms  is  shown  by  the  following  examples : 

Chemiail  At<aiis.  Galvaiiic  E<}uivaleQta. 

H  4-  O  H  -h  O 

I  +  5O  |1  4-  u  ^ 

CuO  +  ^ir  +  sAq                CuO  ^  SO*  +  5Aq  ^1^., 

Cu4-Cl  Cu+Ci  

2Cu  4-  CI  2Cu  -f  CI           V*r  ^ 

Sn  -f  a  ^Sn  4-  CI   4^  {\  - 

2Sn  +  a  Sn  +  a 


v.. 
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B.  Fa&adat's  Results. 

13.  **  Kloctrolytcs  must  consist  of  two  ions." 

14.  *'  There  is  l;>ut  one  electrolyte,  compused  of  the  same  elementary 
ions,  at  least  such  appears  to  be  tlio  tact,  dep-rideut  upon  a  law,  tliat 
only  single  eloctro-chemical  eiiuivalents  of  elementary  ions,  can  go  to  the 
electrodes  and  not  multi])les.'* 

15.  **  EloctroH'heniical  ccjuivalents  coincide,  and  are  the  same  with 
ordinarv  chcmiuil  e»jm\ alents.'* 

16.  ^  A  very  valuable  use  of  electro-chemical  equivalents  will  be 
to  decide,  in  cases  of  doubt,  what  is  the  true  chemical  equivalent, 
or  definite  pro]3urtioiial  or  atomic  number  of  a  body ;  for  I  have  such  a 
conviction  that  the  power  which  governs  electro-deoompoeition  and 
ordinary  chemical  attraction  is  the  same,  and  sach  confidence  in  the 
overraling  influence  of  those  natural  laws  which  render  the  former 
definite,  as  to  feel  no  hesitation  in  bdievinff  that  the  latter  mnat  sabmit 
to  them  also.  Such  being  the  case,  I  can  have  no  doubt,  that  assuming 
hydrogen  as  i,  and  dismissing  small  frsctions  for  the  simplicity  of 
expression,  the  equivalent  number  or  atomic  weight  of  oxygen  is  8,  of 
chlorine  36,  of  bromine  78*4,  of  lead  103*5,  ^'^  59»  ^»  "^^^^^'i^ 
standing  that  a  very  high  authority  doubles  several  of  the  numbers." 

17.  '*  The  ecjuivalent  weights  of  bodies  are  simply  those  quantities  of 

them  which  contain  equal  qtiantities  of  electricity  or,  if  wo 

adopt  the  atomic  theory  or  j)hrn:^m]ogy,  then  tlie  atoms  of  bodies  have 
equal  quantities  of  electricity  luiturally  ns<oriated  with  them.  But  I 
must  C(»nfess  I  am  jealous  of  tlie  term  aUnn  ;  for  though  it  is  very  easy 
to  tiilk  of  atoms,  it  is  very  dithcult  to  form  a  clear  idea  of  their  nature, 
especially  wlieu  compound  bodies  are  under  consideration."  Henry's 
Memoira  of  JJcdton^  page  106, 

C.  Gmelin's  Summaht. 

i8«  An  electric  current  decomposes  an  atom  of  an  oxygen  salt  in  the 
same  time  as  it  decomposes  an  atom  of  water  or  chloride  of  lead. 

19.  When  sul[)hate  of  soda  is  decomposed — it  is  found  that  the 
volume  of  detonating  gas  collected  in  the  voltameter  is  equal  to  the 
volume  of  hydrogen  obtairKni  in  the  negative  division  of  the  dtcom  posing 
apparatus  together  with  that  of  the  oxvgen  evolved  in  the  |K)sitive 
division, — and  that  for  every  9  parts  (one  atom)  of  water  dec(jHi posed 
in  the  voltaraotor,  32  )>arts  (one  atom)  of  soda  are  set  free  in  the 
negative,  and  40  part^^  (one  atom)  of  sulphmic  add  in  the  positive 
division. 

20.  If  the  voltameter  consists  of  fused  chloride  of  lead,  then  an  atom 
of  lead  is  deposited  for  every  atom  of  solphate  of  soda,  or  sal-ammoniac, 
or  chloride    sodium,  which  is  decomposed  in  the  oeU& 
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21.  These  experiments  are  la\  '  nrallc  to  tlie  supjwsition  that  the 
oxygen-salts  should  be  regarded  compounds  of  metals  with  the 
so-called  salt-radicals,  —  e.g.,  sulpliate  of  soda  nuL  iis  !NaO,SO*,  but  as 
Na,SO* ;  and  that  the  same  quantity  of  electricity  which  serves  to  sepa- 
rate ao  atom  of  oxygen,  chlorine,  or  iodine)  firom  an  atom  of  hydrcMgen, 
or  a  metal,  la  lilKwise  exactly  saffident  to  aeparate  an  atom  of  SO^ 
or  any  other  compoimd  salt^rBdical  from  an  atom  of  metal* — DaML 

22.  Mattenoci  obtained  the  same  reaolls  by  subjecting  other  salts  to 
similar  treatment  For  every  atom  of  water  decomposed  in  the 
voltameter  he  obtained  ficom  tlie  aaUne  solution  i  atom  of  hydrogen  g88» 
I  atom  nf  oxygen,  i  atom  of  base,  and  i  atom  of  acid. 

23.  The  theory  which  regards  sulphate  of  soda  as  Na,SO*  certainly 
aflforas  the  simplest  ezpbuiation  of  iti  electrolysis.  Since,  however, 
many  weighty  reasons  may  be  mged  against  tlie  adoption  of  this  hypo- 
thesis, the  following  explanation  may  for  the  present  be  admitted. 
Sulphate  of  soda  is  NaOjSC ;  decomposition  by  the  electric  current  is 
exerted  only  on  the  soda  (since,  by  Faraday's  law,  SC/  is  incaf>able 
of  dirt^rt,  (locom|x>sition).  Sodium  sepirates  at  th>'  nfirntivepol*-,  where 
it  decoiujxjses  wat<.'r  and  }  ields  soda  and  hydrogt.*n  gas.  Tin*  oxygen 
which  was  combined  with  the  srxlinni  is  transferred,  togethor  with  thr 
sulphuric  acid,  to  the  adjacent  atom  of  .sodium.  An  atom  of  oxygen  i< 
set  frw  at  the  positive  ]X)le,  and  since  the  sodium  which  was  combined 
with  it  goes  tuwai'ds  the  negative  pole,  the  suljjhuric  acid  is  set  Iret:  by 
secondary  action,  or  rather  it  passes  from  its  state  of  combination  with 
soda  into  that  of  combination  witii  water* 

24.  In  the  case  of  sulphate  of  copper,  &c.,  similar  actions  take  place,  ex- 
cepting that  the  metal  liberated  by  the  cnrrsnt  does  not  deoompoMM  water. 

25.  The  decomposition  of  oxygen-salts  of  ammonia  is  most  satisfin- 
tonly  explained  by  adopting  the  ammoninm  theory  of  Berxeltiiat 
according  to  which,  sulphate  of  ammonia,  for  example,  which  always 
r  n tains  water,  is  to  be  reggrded  as  sulphate  of  oxide  of  ammonitim 
(  N  UH^fSO*).  The  electric  current  decomposes  the  oxide  of  ammoniunn, 
just  as  it  does  a  metallic  oxide^  into  oxygen  and  ammonram,  and  the 
latter  is  resolved  into  hydrogen  gas  whidi  escapes,  and  ammonia  which 
remains  in  solution.  According  to  this  view,  the  direct  action  of  the 
electric  current  is  confinrxl  to  the  decomposition  of  metallic  oxi<!es,  and 
the  tiansfen^nce  of  the  acid  from  the  decomfX)8ing  oxide  to  the  water  is 
merely  a  consequence  of  this  action.  (Hess's  Observations  on  Danieir* 
Theory,  in  Fogg,  Ann,,  53,  505).  Gmelin's  Handbook  of  Chemistry ^ 
i.  460. 

D.  Particular  Facts. 

26.  It  is  clearly  proved  by  experiment  that  fbr  every  3a  grains  of 
zinc  which  is  dissolv^  in  any  one  o^l  of  the  battery,  9  grains  of  water 
are  decomposed  in  the  voltameter.— IfiKer. 
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27.  If  the  current  is  made  to  pass  first  through  fused  iodide  of  lead, 
and  theti  through  chloride  of  tin,  for  each  32  grains  of  mc 

dissolved  111  any  one  cell  of  the  battery,  104  grains  of  lead,  and  59 
grains  of  tin  will  be  separated  on  the  respective  platinodes,  whilst  1 26 
grains  of  iodine,  and  36  graioB  of  chbrine  wiU  be  evolved  on  the 
napectiye  aooodeB. — ^JnHw* 

a8*  When  stirch  which  contains  both  iodiiw  and  biOBiine  ia  subjected 
to  the  action  of  the  conent,  the  aoiztiure  becomes  blue  at  the  negatiye 
pole  and  orange-odkmred  at  the  positive  pde,  showing  that  iodijie  is 
tnnalerred  to  uie  former  and  bromine  to  the  latter. — De  la  Bim, 

a^.  When  dilute  phosphoric  acid  is  acted  upon,  and  the  oiygen  and 
hydrogen  are  ooll(*cted  apart,  it  is  fonnd  that  while  one  atom  of  water  is 
daeamposed,  only  from  one-fifth  to  one^iburth  of  an  atom  of  phosphoric 
acid  is  carried  over  to  the  positife  pc^. — VanielL 

30.  When  hydriodic  acid  is  electrolysed,  hydrogen  goes  to  the 
negative  pole,  and  iodine  and  oxygen  to  the  positive  pole. — Matteucci. 

^  I .  Aqueous  solution  of  iodide  of  |K)tassium  yields  iodine  aL  the 
ano<i'  ,  potash  and  liydrogen  gas  at  tiie  catlKxie. — Faraday, 

33.  Viix-d  j>rotoehloride  of  tin  is  resolved  into  metallic  tin  and 
bichlonde  uf  tin,  the  latter  escaping  in  va])0ur. —  Faraday. 

33.  Aqueous  solution  of  sal-am nioniac  is  resolved  into  clilonne  at  the 
positive  pole  and  iij  drogen  aud  ammonia  at  tlie  negative  [K>le. — Ukiuger 
and  Berzelitis, 

34.  Solution  of  common  salt  gives  chlorine  at  the  ]x>sitive  pole, 
hydiogea  gas  and  soda  at  the  negative  pole. — Higgms  and  Draper, 

15.  Hydrate  of  potash  yields  oxygen  gas  at  the  anode^  and  at  the 
calaode  hydrogen  gas  and  potasshun.— --X^aty. 

Applicatiq.n  uf  Electrolytic  Facts  to  the  suppokt  of  the 

Radical  Theory. 

I  proceed  to  show  that  these  electrolytic  &cts  are  in  accordance  with 
the  radical  theory,  and  in  patticular  with  the  following  axkxns : — 

1 .  A  salt  is  a  compoondof  two  radicals,  simple  or  compound,  with  or 
without  oxvcro?!. 

2.  Water  is  a  iait»  whose  constitution  is  represented  by  the  formula 
H4-HO. 

3.  Ail  combination  is  binary.  One  basic  radical  combines  with  one 
acid  I'adical. 

4.  Coml>iii;ition  in  multiple  proportions  never  tak(^  place. 

5.  Chemical  mdicals  are  the  same  as  galvanic  equivalents. 

In  the  following  explanations,  I  take  the  fiicta  m  the  order  of  the  fore- 
going list   The  ajmsbob  have  now  the  values  given  at  page  28. 
I.  Cuprous  chioride,  CuCl,  gives  Cu,  Mth  i  O  in  the  voltameter. 
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Because  Chi  is  the  basyloua  atom  »  64  combined  with  CI.  Both  Cd 
and  CI  are  equivalent  to  H.  Consequently  ^HHO)  is  decomposed 
in  the  voltameter.  If  HHO  were  set  free  in  the  voltameter,  that  is  to 
8ay»  2  parts  or  2  voIumeR  of  bydipgen,  and  16  pai*ts  or  i  vohirae<tf 
oxygen,  the  equivalents  of  UH,  namely,  CICl  and  CoCu,  must  be  set 
free  in  the  cells.  Magnus's  •*  i  equivalent  of  oxygen,"  signifies  S  br 
weight,  or  ^  volume  of  gas,  so  that  if  the  equivalent  of  O  is  doubled, 
the  ec(uivalent  of  the  de{)osited  metals  must  also  be  doubled.  On  this 
j)Oint,  ron'^iilt  No.  16,  i>nge  556. 

2.  t^taiinous  chloride,  SnPl,  ijivos  Sn  for  ^  0.  IWause  Sn  is  the 
hasylous  atom  =59,  coiabinecl  with  Ci.  Both  atoms  =  H.  Henoe 
i(HH())  is  doconi|X)sed. 

3.  Suuiuic  chloride,  SncCi,  givps  Snc  or  ^  Sn,  Tor  i  U.  Jif'catise  Snc 
is  the  hasylic  atoiii  =  29*5,  combmed  with  CI.  Both  atoms  =  H. 
Hence  ^(HHO)  decomposed. 

Magnus's  idea  that  the  atom  of  stannous  chloride  requires  for  its  de- 
composition half  as  much  electrical  power  as  the  atom  of  stannic 
chloride  is  a  fallacy.  If  CI  is  put  as  the  standard,  the  same  power  sepa- 
rates it  from  each  salt,  but  with  the  depoeitioD  of  Co  in  one  case,  «nd 
Cue  in  the  other,  the  former  radical  being  twice  as  heavy  as  the  latlnr, 

4.  When  cupric  sulphate  s  CncSO*  and  cuprous  diloride  »  CdO 
are  acted  on  by  the  same  current,  the  first  gives  Cue  =  33,  and  the 
second  gives  Cu  =  64,  because  both  of  these  are  radicals  of  the  same 
chemical  and  voltaic  equivalence. 

5.  Read  Gmelin*s  sununary  of  fiicts  and  opinions  as  to  DanieU  s 
Theoiy,  Nos.  18  to  25. 

I  do  not  know  in  what  manner  the  oxygen  of  a  salt  is  divided  betweoD 
the  basic  radical  and  tlie  ;icid  radical,  and  the  whole  series  of  electro- 
lytic researches  gives  lu,  eonclusive  resultij  on  this  point. 

When  sulphate  of  copp«  r  =  Cuc,SOO,  which  consij^ts  of  two  radicals 
with  two  atoms  of  oxyc^n.  is  decom))osed  in  the  presenee  of  water,  I 
a]){)reltef)d  that  hydrat<'<l  sulphuric  acid  is  instantly  constituted  at  the 
cost  of  an  atom  of  water;  thus : 


According  to  this  equation,  64  parts  of  copper  are  deposited  while 
16  parts  of  oxygen  are  disengaged,  which  agrees  with  the  statical  re- 
sults.  The  reason  that  two  atoms  of  the  copper  salt  are  deoompoaed 

is,  that  water  contains  two  atoms  of  hydrogen,  and  demands  two  atoms 
of  sulphur  with  w  hich  to  combine.    See  No.  16,  page  556. 

The  yassap^o  of  the  (^^  Icctric  current  through  a  solution  of  sulpliate  oS 
copper,  may  be  represented  thus : 


Salt  . 
Water 


CucSOO 
CucSOO 


Cue  4-  H,SOO 
Cue  +  H,SOO 
0 
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A*  Before  the  current  passes. 


QicSOO 

CucSCX) 

CucSOO 

Pole 

CucSOO 

CucSOO 

CucSOO 

* 

HHO 

+  Pole. 


B.  A  fter  tlie  current  passes. 


Cue 

SOOCuc 

SOOCuc 

SOO 

-  Pole  Cue 

SOOCuc 

SOOCuc 

SOO 

+  Pde. 


Before  the  anroit  posses,  (A.),  the  atoms  of  sulphate  are  supposed  to  be 
in  contact  with  water,  ready  to  act  in  case  of  need,  which  I  take  it  we 
must  admit  to  be  the  constant  duty  of  the  water  of  a  solution.  After 
the  canent  passes  TB.),  an  atom  of  oxygen  is  given  off  at  the  positive 
pole,  two  atoms  ot  hydmted  sulphuric  add  are  deposited  there,  and 
simultaneously  two  copric  atoms  are  deposited  at  ihe  negative  pole. 
The  electric  power  is  transfened  through  the  solution  in  the  manner 
shown  by  the  diagram. 

In  this  oxplaiuition,  I  have  supposed  that  the  cupric  sulphate  ia 
Cue  +  SOO;  let  us  see  how  it  would  act  if  its  composition  were 
CucO  +  SO. 

A.  Be/ore  the  curreiU  passes* 


4-  Pole. 


CucOSO 

CucOSO 

CucOSO 

-  Pole 

CucOSO 

CucOSO 

CucOSO 

HHO 

B.  jyier  the  current  passes. 


Ooc 

OSOCuc 

OSOCuc 

OSO 

-  Pole  Cue 

OSOCuc 

OSOCuc 

oso 

HH 

o 


+  Pole. 


There  is  no  eflfect  represented  here  which  helps  to  decide  the  question 
whether  the  oxygen  of  a  sulphate  is  entirely  combined  with  the  sulphur, 
or  divideii  equally  or  unequally  between  the  sulphur  and  tlie  metal.  The 
movements  of  oxygen  are  too  subtle  for  detection  either  by  chemical  re- 
actions or  electrolysis. 

6.  W^hen  a  salt  which  contains  io<lino  ns  its  negative  radical  without 
oxvc^en,  is  electrolysed,  the  iodine  is  deposited  <^>n  the  jnjsitive  ]:>o!e;  see 
iodide  of  potassium  (27  and  31)  and  hydriexiic  acid  (30  )  ;  l»ut  when 
iodic  acid  (H,iO*)  is  electrolysed,  the  iodine  is  dejKKsited  on  the  negative 
pole,  and  the  oxygen  is  given  otl'oii  tUi-  }M>sitive  ]iole. 

7,  8.  The  disencracjement  of  from  diluted  sulj'liuric  acid  leaves  the 
sulphuric  add  in  its  original  condition,  so  that  the     come  entirely  from 
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water,  and  most  libemte  IT*.  The  diaengagemeDt  of  &  (am  iodks  add 
leaves  nothiDs  but  iodiiie^  ito  drpgen  ai^  oxygen  being  all  diaengiged ; 
bnt  atnoe  HI&  does  not  contain  0*,  we  mnat  examine  more  doeely  wliat 
this  roactioD  signifies : 


When  this  cuuijx)und  is  exposed  to  electrolysis,  I  imagine  that  it  iiix^^ 
off  its  oxygen  atom  by  atom,  producing  a  seri^  of  acids  whicli  may  be 
represented  1  )y  the  following  formulae : 


IHIOOO  Q, 
'•\H100  +^ 
ITTTOO  „ 
\HiOO 


{HIOO  , 
HID  "♦'^ 
jHIO    ,  ^ 


5- 
6. 


mo 

Hi 
I 
I 


+  0» 
+HHO 


By  five  snocessive  operations^  each  equivalent  to  the  decompositioo  of  an 
atom  of  water^  and  each  therefore  yielding  OS  it  gives  off  in  all  O*. 
Airived  at  this  point»  the  last  O  and  the  two  atoms  of  U  combine 
together,  and  the  iodine  is  finally  isolated.  It  is  easy  to  understand,  that 
as  the  iodine  Is  deposited  on  the  negative  pole,  the  liberated  oxygen 
must  act  there  upon  the  water,  and  cause  a  correspondin  L^  reaction  at  the 
positive  pole*  Every  lost  by  the  iodic  acid  takes  from  tiie  water 
at  the  negative  pole,  and  tliereibre  throws  oiT  0'  at  the  positive  pole. 
The  corrcs]»oi] donee  of  the  decomposition  of  one  atom  of  iodic  acid  with 
the  di.sengngtnu  nt  of  O*  from  sulphuric  acid  is  clear  enough,  but  it 
remains  erjiially  clear  that  the  acid  radicals  of  ifxlic  and  sulphuric  acid 
are  eacli  one  nidicn),  and  that  each  eflects  tlic  c* -ni]  position  of  3HHO. 
9.  I  conceive  tins  reaction  to  take  place  as  ioUows : 


(FecSO*) 

^FecSO'l 
|Fec80*J 
fFecSO*) 
<Fec80H 
(FecSO'J 
H,HO 


(FeSO") 
JFeSO«l 
(h  S0») 
iFeSO^i 

^FeSOn 

Ih  S0«) 
0 


Under  ilie  action  of  the  electric  onmnt,  whidi  deoomposes  an  atom  of 
water  and  sets  fiee  H',  the  ferric  atoms  of  these  solphates  become  con- 
verted into  ferrous  atoms.  Six  feme  atoms  produce  four  fenoos  stoma, 
and  set  free  SO*  -f  80*  to  take  up  the  firee  H*  and  prodooe  two  atoms 
of  hydrated  sulphuric  acid.  The  separation  of  H*  from  water  sets  O* 
free.  Extensive  as  this  leactioii  appears  in  the  diagram,  the  electiolytic 
action  takes  place  only  upon  one  atom  of  HHO,  and  therefore  corre- 
sponds with  HHO  in  the  voltameter.  The  presence  of  the  l>asic 
hydrogen  thus  set  fi«e,  is  the  predisposing  cause  of  the  reduction  of 
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the  ferric  atoms  to  ferrous  atoms.  I  have  fully  explained  the  nature  of 
this  operation  at  |iages  34  and  310  in  this  work. 

The  reduction  of  ferrous  sulphate  to  iron,  oxygen,  and  siilpiiunc  acid, 
referred  to  in  9  as  being  effected  by  die  same  imiount  of  electric  power 
as  the  decomposition  of  H  +  HO,  may  be  explained  as  follows : 


Hefe  again  the  effect  is  'piacticallj  pnxlaoed  hj  the  electro-deoomposition 
of  ODe  atom  of  water. 

10.  The  statement  made  at  ibis  nunber  is  trae  within  certain  limits, 
but  not  in  an  absolute  sense.  0ns  unit  of  electric  power  decomposes  one 
equivalent  of  an  iodide  and  hberates  one  atom  of  iodine, — see  27,  31 — 
whereas  Jive  units  of  electric  power  are  demanded  to  decompose  one 
equivalent  of  hydiated  iodic  acid,  and  liberate  one  atom  of  iodine, — see 
6,  7,  8. 

The  statement  is  probably  true  of  all  sidts  that  cnntain  two  radicals 
with  no  (Kvygen,  or  mth  0',  or  with  O*,  but  not  with  ;  for  the  Sidts  of 
iodine  witli  O*,  just  referred  to,  and  those  of  phosphorus  with  O", — see 
29 — both  require  additional  force.  The  uniformity  of  th^  artion  u]>on 
salts  that  cont;iin  0°,  ()',  O*,  depends  uj>ou  the  contemponui*  *  reaction 
on  one  atom  of  water  H  HO  ;  the  special  results  in  each  cjlsc  varying 
according  to  the  individual  properties  of  the  nidicals  suhiuitt^'d  to  elec- 
trolysis ;  such  as  the  ])ower  of  the  scj>anited  metal  to  remain  metallic,  as 
copper,  or  to  form  a  hvdrated  alkali,  as  potassium,  or  that  of  the  acid 
radical  to  fly  off  iu  ga.s  as  chlorine,  or  to  remain  in  the  Hqnid  as 
hydnited  acid,  like  sulphnric  add. 

1 1.  The  difficulty  which  Magnus  allndea  to  in  this  nnmber,  is  fi)r  me 
Don-existent  Ever}-  h<u6  and  every  add  is  ibr  me  a  salt.  All  these 
three  dsaaes  of  componods  contain  on  the  radical  theoiy  two  radicals, 
and  are  subject  to  decomposition  by  ^  same  amount  of  electric  power, 
provided  their  quantum  of  oxygen  presents  no  hindrance.  But  if  I  felt 
a  difficult}^  on  this  point,  and  required  an  explanation,  I  should  be  dis- 
satisfied with  that  which  is  given  by  Magnos ;  because  I  am  unable  to 
comprehend  how  ^  the  same  power can  peijfbrm  distributively  twice 
die  work  that  it  can  perform  collectively. 

12.  Magnus's  conclusion,  that  '^galcanic  er/fiiraJenfs  are  hot  the,  mme 
as  chemical  atoms**  is  a  fallacy,  which  aris«AS  from  the  reasonings 
prompted  bv  his  atomic  weights  (viz.,  0=8,  water  =  H  +  O,  &c.) 
and  which  disappears  when  the  equivalents  are  adjust<Kl  to  suit  the 
atomic  weights  oi  tlie  radical  theory.  Thus — 


FeSO*  4-  H 
FeSO»  +  H 
O 


Fe  +  HS(  )^ 
a    Fe  4.  HbO'' 
O 


Water  should  be  m  H,HO. 
Hydiated  iodic  add  «  H,IO^ 
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Cupric  sulphate  =  CiicSO* 

Cuprous  tliloride  =  CuCl 

Ciij)ric  <:hlonUe  =  CucCl 

SuuuuLLs  chloride  =  SnCl 

Stannic  chloride  =  SncCl. 

Tho  OX) Sanations  which  I  Imve  0vcn  prove  that  the  chemical  and  gal- 
vanic atoms  are  perfectly  equivalent.  Bo  it  rcinarkod,  howevfT,  that 
the  chemical  c<iuivalents  an'  not  at  cm/is  acconiing  to  the  common  s*  ale  of 
at«jniic  wpijrhts,  but  radujais  in  accordance  with  the  radical  theon*, 
which  acknowledges  that  botli  tin  and  co})jht  make  two  difTorent 
radicals,  each  of  whidi  is  the  equivalent  of  an  atom  of  hydrogen,  even 
in  the  electric  cnirent. 

13.  I  his  first  law  of  electrolysis,  as  laid  down  by  Faraday,  seems  to 
be  true,  and  to  be  destructive  of  the  law  of  combination  in  multiple  pro- 
portions ;  for  if  chemical  and  electrical  action  Is  the  same,  how  can  we 
fpgicaliy  adroit  that  chemistry  can  combine  together  ronltiple  propor- 
tions which  electricitjr  cannot  separate? 

14.  This  result  must  be  compared  with  tiie  resdts  obtained  hj 
Magnus,  such  as  the  electrolysis  of  the  compounds — 

Cu  a  Sn  CI 

CucCl  SncCl 

These  results  seem  to  be  in  opposition  to  the  law  which  is  here  laid 
down  by  Farailay,  but  they  agree  perfectly  wdl  with  the  theory  that 
the  basylous  and  basylic  atoms  are  different  radicals  produced  by  llie 
same  element,  and  act  severally  as  elementary  ions. 

15.  Electrochemical  equivdents  agree  with  radicals. 

16.  I  agree  witli  Faraday's  general  principle,  but  not  with  all  the 
atomic  numbers  which  he  has  deduced  by  means  of  iU  Those  of 
chlorine,  bromine,  and  lead  I  agree  to.  That  of  tin  represents  the 
stannous  radical,  and  must  be  coupled  with  another  to  represent  the 
stannic  ra<lical.  Faradav*s  expf^riment  (32)  is  not  adverse  to  this 
proposal,  lie  found  that  SnCl  w;is  resolved  by  electrolysis  into  SncCl 
-f-  Snc,  namely,  the  ajmbined  action  of  heat  and  electricity  splits  fc^n 
into  Snc  -f-  Snc,  half  the  metal  remains  behind  and  the  volatile  SncCl 
flies  oft"  in  vajKmr.  My  chief  objection  lies  to  Faraday's  number  for 
oxygen  =  8,  which  is  (»nly  half  what  it  ought  to  be.  It  is  no  douVit 
true  that  luilf  a  vdunie  of  orygen  gas  is  separa1>le  in  electrolysis,  with 
me  volinne  of  hydrogen  gas ;  but  it  is  equally  true,  that  one  volume  of 
oxygen  gas  is  separable  with  two  volumes  of  hydrogen ;  and  the  law  of 
galvanic  equivalency  is  sufficiently  obeyed,  if  it  is  shown,  that  for  evefy 
volume  of  ox^-gen  which  is  disengaged,  there  is  a  simultaneous  disen- 
gagement of  two  volumes  of  hydrogen ;  fat  the  electrolysis  of  water 
into  HH  4-  0,  that  is  to  say,  into  two  volumes  of  hydrogen  and  one 
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volume  of  oxygen,  is  the  product  of  TWO  eledrdytic  operations ;  tho  first 
of  which  separates  H  +  HO  intoH  and  HO,  whUe  the  second  separates 
HO  into  H  and  O.  U  is  a  consequence  of  this  twofold  electrolysis^  that 
the  warn  currtnt  which  decomposes  i8  parts  of  water  in  the  vdtameter, 
decomposes  two  atoms  of  any  normal  salt  upon  which  it  is  made  to 
act,  and  sets  free  four  radicals,  two  of  them  basic  and  two  acid :  thus, 
the  decomposition  of  i8  parts  of  HHO  in  the  voltameter  is  accompanied 
by  the  simultaneous 


Ca  +  Cu 
Cue  4-  Cue 
Sn  4- 
Sue  4-  Sue 
Na  +  Na 


Deposition  of 


1 28  parts. 
64  ])art.s. 
118  t>arts. 
59  {lartB. 
i>arts. 


and  Separation  of 
CI  -f  CI 
SO*  4-  iSO» 

a  4-  CI 
a  4-  CI 
so»  +  so^ 


2Cu  CI 
2CucS0" 
2Su  Ci 
aSncG 
2NaS0* 


From 


=  No.  I. 
=  No.  4. 
=  No.  2. 
=s  Na  3. 
=  No.  19. 


Thus,  when  the  voltameter,  or  standard  of  electrolytic  power,  is  the 
quantity  of  water  that  undergoes  decomposition,  there  is,  in  all  cases, 
for  each  HHO  that  is  decomposed,  or  each  O  that  is  set  free,  a  decom* 
position  effected  of  two  atoms  of  a  normal  salt,  which  sets  iiree  two 
positive  radicals  and  two  negative  radicals,  it  being  perfectly  indifferent, 
as  respects  the  electrolytic  power,  whether  the  positive  radicals  are  of 
the  bssylous  or  the  Ixisylic  description.  If  tlie  reader  prefers  to  have 
this  result  stated  in  the  usual  cabalistic  language  of  cliemists,  I  may  say, 
that  the  same  currpnt  can  se])arate  a  greater  quantity  of  metal  ham  a 
protos^nJt "  than  it  can  from  a  ^^persalt." 

When  tlio  voltameter  of  a  circuit  contains  a  binary  compound  froe 
from  water,  such  as  fused  chloride  ol  I'^ad,  then  the  cun'ent  which  decom- 
posL'S  nnc  ntoni  of  tlie  standard  and  Hbemtes  its  two  radicals,  will  also 
deconipobe  one  atom  of  any  normal  salt  through  which  it  passes; 
thus : — 

=  Na,S0« 
:  ZH\a 
=  Na,a 
=  Sn,Cl 


Pb  +  CM 
F  b  4-  I 


1 


=  No.  2a 


=  No.  27. 


Hence  it  follows,  that  Faraday's  laws  of  electrolysis  agree  precisel}'  in 
sense  with  the  radical  theory,  and  differ  only  in  tlie  form  of  expreasivn 
which  was  accommodated  by  him  to  the  current  views  of  chemists.  K 
water  is  taken  to  be  constituted  of  H  4-  HO,  and  oxygen  is  fixed  at 
16,  we  stOl  agree  with  Faiaday's  results. 

ly.  Here,  again,  we  have  a  law  which  is  opposed,  and  justly  op- 
posed, to  the  law  of  combination  in  multiple  proportions.  If  the 
equivalent  radicals  A.  and  B.  contain  equal  quantities  of  electricify,  that 
is  to  say,  equal  powers  of  chemical  combumtion,  it  is  impossible  for 
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vrumoz  of  electboltsib 


thcin  to  neutraliit>e  one  unotlier  when  presented  for  combination  in  such 
assortments  as 

A  -f-  2B,  A  -f  3B,  A  +  4B 
aA  +  3B,  2A  H-  5B,  2A  +  7B. 

See  the  quotation  from  Professor  Miller,  at  page  5:57.  So  also  the 
formation  of  the  org-.inic  radicals  C*  +  H*',  -f-  H^,  &r.,  pige  525, 
mn<t  l>e  irapos-^ible.  If  we  consider  fho  nature  of  tlipse  examples, 
we  must  conclude  that  if  the  law  of  combinut:on  in  multiple  propor- 
tion <;  is  tnie,  those  of  electro-chemistry  must  be  ^dse ;  for  tbej  are 
perfectly  incompatible. 

t8.  Tliis  observation  agrees  with  No.  10  of  Magnus's  results,  and 
needs  no  fiirther  remark. 

19.  i  he  decomposition  of  sulpliate  of  soda  here  described  maj  be 
represented  as  occurring  in  a  circuit,  thus 


A.  Be/on  ^  eumnt  poises. 


-Pole 


H  HO 
H  HO 

SO' 

Na.  SO* 
Ka»  SO* 

Na, 

S0» 
SO* 

+  Pole. 


B»  ^kr  the  currmii  passes. 


H 

HO 

Ka 

SO* 

Na 

SO^ 

Na 

SO* 

Pole  H 

HO 

Na 

SO* 

Na 

SO* 

Na 

SO^ 
HH 

+  Pole. 
O 

This  scheme  shows  distinctly  how  it  happens  that  one  volume  of 
oxygen  is  given  off  nt  the  -f-  ]io1g,  and  two  volumes  of  hydrogen  at  the* 
—  ])ole,  and  how,  correspondin*^  with  these  proportions  of  the  two 
gases,  we  have  two  equivalents?  of  hydrated  sulpluiric  acid  at  the  + 
pole,  and  two  ecfuivalents  of  hydrated  soda  at  the  —  ]x)le. 

20.  This  agrees  precisely  with  Faraday*s  [)ro])ortious ;  2  atoms  of 
sulphate  of  soda  =  2  atoms  of  le^id  =  a  atoms  of  chlorine  =  18  parts 
by  weight  of  water.     See  No.  1 6. 

21.  What  Darnell  and  Gmelin  call  NaSO*  is  what  I  call  NaSO". 
Daniell's  experiment  proves  nothing  respecting  the  distribution  of  the 
oxygen  between  Na  and  S.   That  puzzle  still  awaits  a  solution. 

22.  Numben  which  oorroborate  those  giTen  in  19. 
23  and  34*  Alraadjr  saffidently  explained  at  No.  5. 

25.  The  nnt  effect  produced  on  an  oxidised  salt  of  ammonia  wookl 
probaHy  resemble  that  produced  on  a  salt  of  soda.  See  19.  Hydrogen 
would  escape,  and  we  should  have  in  solutton  the  hjdiate  ZH*  <4-  HO. 
If  the  <  l>  <  (i  'lytic  action  proceeded,  the  next  decomposition  would  be 
into  ZH',II  4-  H,HO;  namely,  water  would  be  separated,  and  ammonia 
pfodnoed.   This  may  go  off  as  g^s,  or  finally  be  resolved  into  N  4-  H*. 
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26.  The  reaction  Zn  +  H»SO^  «  H  4.  Zn»SO*  is  equal  to  iHHO; 
or  if  we  double  the  figures  we  have 

Zn  +  h;SO*  =  H  T  ZnisO^  -  HHO  m  the  voltameter. 

27.  These  quantities  represent  the  weights  of  radicals,  as  already 

explaineil. 

28.  Another  oxainj  li'  of  the  separation  of  iodine  at  the  n^atlve  \x>\e. 
In  27  Hiid  ill  30  it  is  scpuriiii  J  at  the  positive  pole.  Hence,  even  ener- 
getic elements  caii  act  either  as  basic  or  as  acid  radicals,  according  to  the 
loroe  impressed  upon  them  by  other  radicals  with  which  they  are  in 
contact 

29.  Compare  this  experiment  with  the  note  to  No.  8. 

3a  Electrolysis  of  hjdrlodic  add  =  HI.  The  oxygen  gas  is,  of 
oouise,  derived  fiom  water,  which  is  decomposed  simultaneously.  The 
quantity  of  oxygen  increases  with  the  dilutioQ  of  the  add  and  the  strength 
of  the  current.  The  quantity  of  hydrogen  which  is  disengaged  at  the 
negative  pole  is  always  equal  to  that  vraich  is  disengaged  in  the  water 
voltameter  ;  because  HI  is  equal  to  ^H,HO,  and  so  far  as  water  is  con- 
cerned, H,HO  in  the  solution  is  equal  to  H,HO  in  the  voltameter, 

31.  Electrolysis  of  an  aqueous  solution  of  iodide  of  potassium : — 

A.  Befm  th$  eummi  passes, 

-  Pole  I  H    HO  I  K    I  I  K    I  |  K    i  [  K    l{  +  Pule. 

B.  Aftsr  the  current  passes, 

-  Pole  H  I  HO  K  I  I  K  I  I   K  |  I  K  |  I    +  Pole. 

52.  See  No.  16. 

33.  Decomposition  of  sal-ammoniac : — 

( CI        at  the  4-  pole. 

34.  Electrolysis  of  common  salt; — 

H,S  }^^^^^}g^«<>}atthe-poie. 

35.  Decomposition  of  hydrate  of  potash  {Davy) : — 

f  O        at  the  -f-  pole. 

Summary. — I  cotisider  the  evidence  that  is  afforded  by  the^e  electro- 
lytic experiments  U>  be  entirely  in  favour  of  the  radical  theory.  Magnus's 


^uj ui.uo  uy  Google 


rpsnlLs  prove  that  radicals,  and  not  ttoois,  are  the  galvanic  equivakftta. 
The  tend€Dcy  of  the  whole  of  the  expertmentai  ia  to  aboir,  that  H  -|-  HO 
is  the  true  formula  for  water.  With  the  aid  of  thia  formula  every 
eWtroljtie  experiment  ia  easil)-  and  dearl}'  explaioed.  Without  it,  yoa 
most  adopt  uWous's  condnaioo,  that  "^vanie  equivalents  diiler  from 
chemical  atomer  mm!  tfana  uiaettle  the  electio-ch^ical  theory,  and  aettle 
nothing.  The  experiments  of  Fanulaj  and  Daniell  distinct!)'  agree  wiiii 
the  radical  theory.  Tboae  of  Magnna  aie  identified  with  it,  and 
patible  with  any  pfevioaa  theoiy.  The  only  ground  upon  which 
English  chemists  can  persist  in  ascribing  to  water  the  formula  HO,  is, 
ih&t  they  have  been  accustomed  >  do  so  for  fifty  rears.  That  water  is 
a  binary'  conn]>oiind  of  oxygen  am!  hydrog.  n,  w;ls  the  first  deduction 
from  tho  Atomic  Theory,  and  it  has  Wcu  a  fniitfnl  s<^mrco  of  fallaHr-?? 
ami  ditficulrios  durinp"  tlio  ontire  jxTirKl  of  its  snpremacv.  Tliore  wiJl 
|>o  DO  siTiipliritv  in  c!i'  nm  il  romiTil-i'.  and  no  logic  in  cH^mifai  tbeones, 
until  tins  idol  oi  i>aiu>uu>m  is  oveniirown. 


Catalysis. 

Chemical  oombinationa  and  decompoaitiona  aometimeB  occur  m  the 
prcaienoe  of  snhataDcea  which  aeem  to  cauae  theae  reactioDa,  bat  which 
are  not  changed  by  them. 

Some  facts  described  in  these  pagee  may  help  to  explain  this  mys- 
tery. I .  The  element  azote  by  prododng  an  amidogen  converts  tlu^ 
radicals  into  one ;  by  producing  an  ammonium,  it  convert*:  five  radicals 
into  one.  It  can  let  froe  thosoradirais  by  ronibining^  with  C  to  produce 
an  acid  radical ;  and  th*'s<*  changf^s  can  rovorsed.  2.  Certain  metals 
produce  two  radicals.  Tluis  Cu  can  become  Cue*,  and  Cue*  can  becomo 
Cu.  Sn  can  Iwome  Snc',  and  Snc*  can  l»econie  Sn.  Fe*  can  lMX"<iin«» 
Fcr",  and  F<'e^  can  iK'Conie  Fe".  All  these  changes  take  place  according 
t<)  the  aniouiit  of  Lm.sic  or  acid  ]>ower  that  is  brought  to  btai-  njxm  the 
materials ;  such  changes  in  the  number  of  nulicals,  produce  an  enor- 
mous alteration  in  the  saturating  capacity  of  a  given  qiuuitity  of  matter  ; 
and  as  it  is  possible  that  the  acting  substances  may  end  as  they  began, 
a  great  effect  is  produced  by  a  hidden  caose. 
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AOETAL,  constitution  of,  aZl 
Acetates,  atomic  measure  of,  112 
Acetin,  varieties  of,  379j  M9 
Acetochlorhvdrin,  38ft 
Acetochlorhydrobromhydrin,  388,  391 
Acetodichlorhydrin,  SSS 
Acetone,  bQ. 
Acetouia,  21fi 
Acetonitrile,  60,  218 
Acetyl,  bromide,  50 
— —  chloride,  50 

—  iodide,  50 

—  oxychloride,  50 

 perchloride,  5fi 

AcetyJa  acetylite,  120 
Acetylam,  ihl 
Acetylamine,  bO^  201 
Acetylate,  12^ 
Acetyl-urea,  lifil 
Acid,  acetic,  50 

-,  anhydrous,  50^  120 
aconiUc,  438 
adipio,  450 
allophanic,  M2 
amyl-citric,  431 
amyl-malic,  415  ,  J 

amyl-salicylic,  458 
anchoic,  454 
anilocyanic,  204 
anthranilic,  349 
aspartic,  412,  415 
benzamic, 
benzoic,  52 

biamidobenzoic,  254,  352. 
bibromo-sulphonaphtalic,  497 
bichloro-sulphoBometliylic,  497 
bromhydric,  52 
butyric,  52 

anhydrous,  53 


campholic,  53 
camphoramic,  222 
caproic,  5S 


I  Acid,  carbamic,  350 

 carbanilic,  349 

  carbonic,  53 

 cetyl-sulphuric,  487 

 chloracetic,  55 

— —  chlorhydric,  54 

 chlorous,  54 

■       chloro-sulphosomethylic,  497 
'        chrysammic,  252 

 citi-nconamic,  4ii0 

 •  citric,  424 

its  varieties,  428 
argument  that  it  is  not  a 
tribasic   acid,  but  a  triple 
acid,  424 
citrobianilic,  433 
•  citromonanilic,  434 
'  coerulin-sulphuric,  220 
cuminamic,  354 

■  cyanhydric,  56,  245 
cyanic,  250 

■  dimethyl-citric,  430 
disulphanilic,  241,  494 
disulphanisolic,  494. 
disulphetholic,  494 
disulphouonzolic,  494 
disulphometliolic,  493 
disulphonaphtalic,  494 
disulphopropiolic,  494 
dithiobenzolic,  494 
dithionic,  152 
ditltionous,  157 
ethvlarovl-citric,  431 
ethylosulphurous,  496 
ethylsalicylic,  458 
ethylsulphobenzoic,  491 
ethylotritbionic,  499 
formic,  50 
fumaric,  414.  420 
gallic,  531 
gaultheric,  458 
glycollic,  44 
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Acid,  glycylic,  374^  3fi2 

—  hydrobroniic,  h!l 

 hydrochloric,  5i 

 hydrocyanic,  56,  245 

 hydrofluosilicic,  503 

 hydroiodic,  59^  hhl 

— —  hydrosulphuric,  62 

 hy|xx;hlorou8,  M 

 hyponitric,  tH,  2M 

 ■  hy]>onitrous,  253 

  hypophosphorous,  144 

 hyposulphamylic,  iiifi 

■  hyposulpliuric,  157 

 hyposuiphurouA,  157 

 iusolinic,  532 

—  iodic,  548,  554 

 iodohydric,  59,  551 

 isamic,  2iifi 

 isatic,  2fLl 

■  isatinamic,  2fiE 

 isatiaic,  2B1 

 malamic,  415 

 malanilic,  418 

 malcic,  414,  419 

— —  malic,  411 

 argument  that  it  is  a  double 

acid,  not  a  bibaaic  acid.  All 

 methyl-citric,  43Q 

 methylotlithionic,  498 

 methyl-salicylic,  458 

 methyl-spiroylic,  453 

 raethyl-ianthic,  474 

 nitric,  61^  251^  25fi 

 ; —  anhydrous,  61^  253 

 nitrous,  61^  253 

 octyl-sulphuric,  iflZ 

 oenanthvlic,  01 

 organic,  defined,  81 

 oxamic,  195.  22ii 

 oxanilic,  227,  287 

 pentathionic,  152 

 phenic,  45 

 phosphoglyceric,  385 

 phosphoric,  138,  551 

 phosphorous,  143 

 potassio-sulphuric,  402 

— — -  pyrogallic,  5:n 

 pyrotartranilic,  453 

 radicals,  conversion  into  basic  ra- 
dicals, 75^  535 

 raiiicals  act  as  basic  radicals  with 

additional  oxygen,  376,  480 

 salicylic,  [12,  453 

 salicyloos,  62i  455 

 sebacic,  451 


Acid,  sobamic,  451 
— ~  selenious,  62 

 silicic,  5111 

 hydrates  of,  50i 

 suberic,  450 

 subcranilic,  450 

 succinic,  446 

■  succinamic,  447 

 sncciniuilic,  288,  447 

 sulphncetic,  489 

 sulphamic,  235 

 sulphamvlic,  487 

 sulphaniiic,  238,  285*  ^ 

 sulphnuisic,  492 

 sulphindigotic,  2K1 

—  sulphobeneidic,  43fi 
— —  sulphobenioic,  491 

 sulphobeozolic,  49fi 

  sulphobutylic,  48? 

 sulphobutyric,  491 

 sulphocarbonic,  473 

 sulphocinnainic,  492 

 sulphocumenic,  496 

 —  sulphocymenic,  496 

 sulphocyauic,  242 

 sulphoglyceric,  385 

 sulphomethylic,  4Sfi 

 sulphonaphtalic,  496 

■    sulphophenic,  487 

•  sulphopropionic,  491 

 sulphopuj-puric,  274 

 sulphosalicylic,  492 

 Bulphosoraethylic,  495 

 siilphosuccinic,  448 

 sulphothjniiic,  487 

 sulphotoluylic,  496 

 sulphovinic,  400,  486 

 sulphoxyloic,  4Sfi 

■  sulphuric,  62 

 anhydrous,  62,  115 

— —  sulphurous,  62 

—  tartanilic,  468 
 tartaric,  461,  463 

■  tartaromethylic,  466 
— —  tartarovinic,  466 
 tartramic,  466 

—  tartramylic,  466 

  terchloro-sulphosoroethylic,  497 

 tetrathionic,  157 

  thionaphtamic,  498 

 toluamic,  354 

 trichloro-sulphouaphtalic,  497 

 trithionic,  151 

 valerianic,  63 

 xantliic,  475 
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Acidification,  7L. 

Acidity,  its  relation  to  basicity,  IB. 
Acids,  anhydrous,  11& 

 and  bases,  theory  of,  IS 

■  consequences  to  which  that  theory 

leads,  311^  '^m 

 amidogen,  208,  2lia 

 amidogvn,  with  compoand  radicals, 

222 

 anilidogen,  22E 

 constitution  of,  3 

■  —  conjii^nttt],  theory  of, 

 copulated,  aiiii 

 coupled,  aliii 

 colligated,  399 

—  monobasic,  how   convertible  into 
polybasic,  395 

-  orgiinic,  their  atomic  measure,  fiii 
 nomenclature  of^  fiS 

— —  polybasic,  theory  of,  3S5 

 polythionic,  156 

 peculiarities  in  their  saturat- 
ing capacity,  173 
 tribasic,  atomic  measure  of,  112 

Aconites,  4iiL  ^ 
Acrolein,  ai^ 
Acryl,  5Q 
Acrylic  aloohol,  SO. 
Adipfttcs,  444,  4iiD 
Agalmatolite,  511 
Air,  atmospheric,  50. 
Albite,  hl2 

Alcohol,  56,  65,  81^  aa 
 acrylic,  50,  fi5 

-  ■  ■  amylic,  51^  fi5 
- — —  butylic,  65 
— —  caproic,  53^  fi5 

 caprylic,  53,  fiS 

 castor-oil,  53,  fiS 

 metliylic,  59.  65,  SS 

 propylic,  62,  Qh 

Alcohols,  nomenclature  of,  8& 

 polyatomic,  366 

Aldehyde,  iiii 
Aldehydes.    See  Aldidea 
Aid  ides  defined.  El 

— -  examples  of,  Oh 

 nature  of,  124 

 nomenclature  of,  8fi 

—  preparation  of,  Zfi 
Alkarsin,  53 
Allophanates,  362 
Allophanic  ether,  363 
Allyl,  solphocyanide,  5D 

 versus  aciyl,  378  j 


Alumina,  binacetate,  518 

 tersulphate,  51ft 

Aluminic  radical,  518 
Aluminous  radical,  518 
Aniethanes,  224i 
Amid,  defined,  1B3 
Amida  carbate,  194 

 indylat^,  2M 

Amidac,  deiiued,  193 
Amidacs,  hydrides  of,  199 

 salts,  2M 

Amiflated  acids, 
Amidec,  defined,  193 
Anvideil  acids,  22h 

Amides,  2QS.  • 
Amidogen  theory,  ISO. 

 gaseous  salts  of,  13fi 

 acids,  2<  i8.  2iii 

■  with  compound  radicals,  J  .'7 

■  hyposulphates,  4M 

.  sulphites,  485,  497 

Amidogens,  nature  of,  iiii 
Aniids,  conjugated,  299,  301 
 hydrides  of,  IM 

 conversion  into  ammons,  194 

 non-oxidised,  salts  of, 

 production  of  various  classes  v 

salts  of,  202i  211.213 

 relation  to  ammons,  133 

 table  of,  211 

Amines,  2111 
Ammon,  defined,  193 

 carbonate  of,  356 

Ammon  chlorplatamnionium,  313 
Ammon  oxyplatammouium,  313 
Ammonam,  dofint-d,  103 
Ammonams,  salts  of,  2112 
Ammoneni,  define^l,  103 
Ammonem.s,  s;ilts  of,  2^3 
Ammonia,  anhydrous,  oxysulphur  Kilt 

of,  233 

 alums,  23Q 

 atomic  measure,  §0,  99 

— —  bicarbonate,  356 
 carbwnatc,  50,  359 

—  carbonate,  355.  359 

■  ■    compotmds  of,  1 OO 

-  oorLstitution  of,  99 
 cyanate,  jwrmaneut  ,338 

—  —  non-permanent,  338 
 hydrochlomte,  5Q 

— —  hyd  roc  van  ate,  bil 

 hydroiulpliate,  51} 

 hydrotell  urate,  bO. 

  is  a  salt,  not  a  radical,  I9ll 

2  O  2 


Ammonia,  iU  salu  are  of  two  classes, 
those  of  amidosron  and  those  of  ammo- 
Ilium,  107 

 po]ythionat«e,  2',VA 

 itulpltate,  electrolysed,  hLQ. 

 tyiKj,  210,  232,  222 

.XmrnoQiAs,  compound,  2iil 

 classified  table  of,  199 

Ammoniated  salts,  198,  '222 

Amnionim,  defined,  193 

Ammonimn,  salts  of,  '204 

Ammonium  tlieory,  li>£> 

 salta  of,  liifi 

 coimot  exchange  U  for  Cy,  N,0,  or 

.NO*,  288^  289,  222 
Ammoniums,  formula'  of,  202,  207 

 compound  salts  of,  205 

 of  impossible  constitution,  311^323, 

337,  3M 
Ammonom,  defined,  193 
Ammonoms,  salts  of,  204 
Ammons  and  amids— <louble  salt&  of,  195 
Ammons  combined  with  amids,  21h 
Ammons  converted  into  amid>,  194 
Amyl,  qQ 

  acetate,  51 

— —  borate,  hi 
 chloride,  id 

■  cyanide,  hi 

 hydride,  Mi 

 hydrosulphide,  51 

■  iodide,  hi 

 uitrite,  51 

 oxalate,  51 

 silicate,  51,  501,  505 

 sulphide,  51 

 valerianate,  51 

Amylamine,  2(il 
Amylaiiiliiie,  282 
Amylec,  123 
Amylen,  63,  313 
Amylic  alcohol,  51 
Amylic  glycol,  372 
Amyl-malates,  412,  415 
A  my  lorn,  I9.> 

Aniylosulphatfs  ehvtrolyhcd,  4i)5 
Amylo-urethane,  353 
Analcime,  512 

Analytical  and  s)'noptical  formula:;  dis- 
tinguished, 127 
Anchoates,  44G.  4  54 
Anjjelyl,  51 
Aiihy-lridos,  118 

 amended  theoiy,  377,  480 

 double,  m 


Anhydrides,  nomenclature  of  the, 
120 

 Gerhard t's,  Uil 

Anhydrous  acids,  US 
Aniles,  222,  224 
Anilides  of  tartaric  add,  4H8 
Anilin-ammeline,  225 
Aniline,  51^  274 

 bases,  general  view  of,  3<  i7 

 salts,  critical  notes  on,  28<i 

 table  of  its  salta,  2Ii2 

 theory,  275 

Anilo-urea,  2iiii 
Anis,  essence  of,  51 
Anthranilates,  305.  312 
Antimoniuretted  hydrogen,  51 
Antimony,  salts  of,  1U4. 
Antimony,  terchloride,  51 
Apple-oil,  521 
Arabin,  519 
Arf:;(»ntac,  121 
Argeutum,  121 
Avsen-cthvl,  58 
Arsenic,  51 
 chloride,  51 

—  iodide,  51 
 oxide,  51 

— —  atomic  measure,  in  gases,  lo3 
Arseniuretted  hydrogen,  bl 
Arsen-triethyl,  52 
Asparagine,  413,  J  L2 

 with  acids,  413.  4ia 

 with  bases,  413,  412 

Aspartates,  412,  4 It) 

Atomic  uieatHuc  of  gases,  simple  and 
compound,  tabular  vii>w  of,  49 — 63 

— —  measure  of  gases,  question  whether 
all,  simple  and  compound,  hare  thf 
same  measure,  HQ 

 measure  of  compound  gases,  cauae» 

which  modify  the,  94,  107 

 measure  of  the  vapours  of  poly- 
basic  acids.  111 

  theory,  inquiry  into  the,  537 

 theory,  unable  to  determine  what 

constitutes  an  atom,  542 

—  theory,  of  no  use  in  explaining  tb< 
constitution  of  organic  radicaU,  54 fi 

 weights,  table  of,  2A 

 weights  of  gases,  42 

Augite,  5n^  514 
Auric  radical,  M 
Aurous  radical,  34 

Azote,  the  constructor  of  basic  radicab. 
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Azote,  its  tninsm ignition  from  ammo- 
niumj*  into  cyanogen,  212 ;  and  back 
from  cyanogen  i:ito  ammoniums,  220. 

Azotic  bases,  their  nnttire,  274 

  radicals,  examples  of,  liiS 

 theory  of,  IfiS 

 in  scries,  256 

Bamlite,  511 

Bases,  constitution  of,  2 

 their  relation  to  acids,  311 

 their  relation  to  baaic  radicals,  275. 

282.  285,  295^  5^3 
Basic  and  acid  mdirals  discriminated,  73 
 radicjils  reduced  to  acid  radicals. 

Basicity  of  radicals,  211 

 of  conjugated  acids,  402 

Basylic  attttns  or  radi<^ls,  33 
— —  radicalis  in  salts,  i.  e. : — 

 .  in  alums,  23Q 

 in  chlorides,  33,  131 

 in  cyanides,  3fl 

 in  oxalates,  37^  Ifil 

■  in  phosphat4is,  140 

 in  silicates,  507.  514 

 in  sulphates,  150.  554: 

 .  in  tartrate?,  465.  4fift 

■     in  xanthates,  473 
Basylous  atoms  or  radicals,  33 

and  basylic  atoms,  their  i-elation  to 


xanthates,  473 

relation  in  silicates, 


')07 


Benzoat<»,  atomic  measure,  112 
Benzoicin,  379 
Benroile,  chloride,  52 
■        chlorohydride,  52 
Benzo-gly collates,  457.  460 
Benzo-lactates,  457,  4 GO 
Benzole,  61 
Benzonltrile,  61 
Benzoyl-urea,  Sill 
Beryl.  511 

Biatomic,  the  term  defined,  li6 
 alcohol,  366 

Bibasic  acids,  atomic  measure  of  their 

gases,  112 
Binary  theory  of  salts,  IS 
Binoxysulphocarbonates,  471.  476 
Bismuth,  chloride,  52 

 atomic  measure  in  gases,  104 

Bisulphiites  of  alcohol  radicals,  399.  4fl1 
 containing  acid  radicals,  481,  488, 

489 
Biuret,  363 


Boron,  chloride,  52 

-  fluoride,  52 
—  its  measure  in  gases,  Lfll 
Bromine,  52 
Bromaniline,  2&1 
Bromhydrine,  380 
Br(tmi*j-indyl,  '--'♦''j 
Hromic-plninyl,  J 7 5 
Bromic-}ilieijyia<',  ','31 
Bromio-radicals,  1  'V2 
liromic-salicylates,  457 
Bromides,  orjj;anic,  62 
Bromisatine,  '2(^2 
Buchnlzite,  51 1 
Bustimiite,  511 
Butyl,  52 
— —  acetate,  52 

 bromide,  52 

 chloride,  52 

 cyauide,  52 

 hydride,  52 

■  iodide,  52 
Butyl-amvl,  52 
Butyl-hexyl,  52 
Butylene,  52 

 chloride,  52 

Butylic  alcohol,  52 

 mercaptan,  52 

Butyral,  52 
Butyrin,  323 
Butyrone,  53^  62 
Butyryl-urea,  361 
Cacodyl,  53 

 its  measure  in  gases,  104 

 chloride,  53 

 cyanide,  53 

 oxide,  53 

 oxychloride,  53 

 sulphide,  53 

Camphogene,  53 
Caropholene,  53 
Camphor,  53 
Camphorimide,  224 
Cane-sugar,  519 
Caproic  alcohol,  53 
Caproiline,  53 
Caproyl,  53 
Caprylene,  53 
Caprylic  alcohol,  53 
Carbamide,  theory,  221 

 Hofmann's  arguments,  298 

 objections  to  them,  300 

■■       theory  compared   with  the  urea 

theory,  298*  341 
Carbamates,  359 


I 
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CarbatDi<1p-<'arbanilidp,  298 
Carkimide-nitiocaibanilide,  2iiil 
('arbanilates,  305,  MS 
Carbanilide,  2%,  aM 
Carbon,  an  acid  radical,  13 

 its  measure  in  guses  and  salts,  iih 

 protochloride,  54 

— — >  bichloride,  M 

 se^^iaichloride,  M 

 sulphide,  53,  472 

Carbonates,  constitution  of,  IBii 

 essentially  bibasic,  IM 

 acid,  IM 

 basic,  184 

 doubU',  184 

 neutral,  184 

 with  organic  radicals,  l&h 

Carbonic  acid,  ^ 

 oxide,  53 

Carbonyle,  114 
Castor-oil  alcohol,  53 
Catalysis,  5G0 
Cedrene,  53 
Cedrole,  53 
Cellulose,  51S 
Cetene,  54 
Chabasite,  512^  VL5 
Chemical  types,  Hi 
Chinese  wax,  454 
Chloral,  55 
Chloraldehyd,  55 

Chloral,  hydnite,  55 

Chloranilino,  ^ 

Chlorbenzid,  5fi 

Chlorcyanilid,  225 

Chlorenic-methyl,  54 

Chlorenic-ethyl,  94 

Chlorenio-vinyl,  54 

(^hloretherose,  hvdrochlorate,  5li 

Chlorhydrin,  384^  032 

Chloric  radicals,  nature  of,  93^  131 

 their  measure  in  gases,  HIL 

 nomenclature,  94 

Chloric-ethyl,  55^  24 

Chloric-indyl,  202 

Chloric-methyl,  54,  24 

Chloric-oxide,  54 

Chloric-phenyl,  215 

Chloric-phenylac,  280 

Chloric-salicylates,  457 

Chlorides,  constitution  of,  IM 

 if  poly  basic  or  not  ?  IBS 

 multiple,  133 

 their  atomic  measure,  101 

 of  organic  radicals,  S2 


Chlorides  of  bibasic  acid  radicals,  112 
of  tribasic  add  radicala,  1 12 
electrolysis  of,  551 
Chlorine,  54 

substitutions  for  23 
gases  containing  it,  54 
oxides  of,  their  measure,  1D2 
rice- radicals,  93, 131 
ChIorinic-radi<'al5,  94^  132 
Chloriuic-methyl,  54 
Chlorisatates,  2fi3 
Chlorisathyde,  2M 
Chlorisatin,  2^  231 
Chlorofonn,  bi.  * 
Chloro-hydrated  sulphoric  acid,  153 
Chloro-nitrous  gas,  53 
Chlorplataiiinionium,  313 
Chloro-sulphuric  acid,  56^  1 14,  145,  155 
Chlorovinic  tbrraiate,  55 
Chromates,  125 

Chromium,  its  atomic  measure  in  gaseoas 
salts,  122 

—  oxychloride,  5fi 
Chromous  chromite,  120 
Cimolite,  511 

Cinnamol,  63 
Citraconamide,  439 
Citraconates,  table  of,  421 

 double  salts  of  monobasic  acids,  438 

Citrates,  Uble  of,  424 
—       shown  to  be  triple  salts  of  mono- 
basic acid.-i,  424,  4:^5 
Citric  group  of  salts,  424l 
Citrobianilates,  433 
Citrobianile,  434 
Citrouanilide,  433 

Classification  of  organic  radicals,  525 
Combining  proportion  of  an  el«m«at, 

dofined,  544 
Comenatw,  532 

Compound  radicals,  tables  of,  44,  70,  79i 
525 

Compounds  produced  by  the  abstraction 
of  water  from  the  salts  of  ammonimn, 

223 

Composition  of  gases,  table  of,  42 
Conjugated  acids,  theory  of,  395 

 of  the  benzoic  jp^up,  459 

citric  group,  430 
salicylic  group,  458,  4 1» 0 
sulphuric  group,  399,  48i'. 

48*'..  495 

of  the  tirtaric  group,  46 1 
xaiithie  group,  470 
cyanides,  246 
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Copper,  electrolysis  of  its  salta,  552 — 554 

Copulated  oxalates,  408 

Cream  of  tartar, 

Cumenyl  hydride,  M 

Cumyl,  hydrate,  ^ 

Cuprlc  atom,  M 

sulphate,  electrolysed,  548,  552 
Cuprous  atom,  M 

 chloride,  electrolysefl,  MR 

Cuprousam,  LQl 
Cyanauilide, 
Cyaiiates,  25ii 

 their  measure  as  gases,  liiQ 

 terbasic,  305,  MS 

 tetrabosic,  'diiii 

Cyanides,  constitution  of,  38.  43,  21 7— 
221,  243—246 

 single,  39^  243 

 double,  40j  244: 

 triple,  39,  2M 

 fourfold,  42^  244 

 decomposition  of,  41_i  22Q 

—  their  atomic  measure,  lub 

 organic,  01 

 are  not  nitriles,  217 

Cyanilidc,  2^1 
Cyaniline,  222 
■       Hofinann's  theory,  2fl2 

 — •  its  insufficiency,  298 

Cyanite,  511 
Cyanogen,  38^  56 
— —  bromide,  5fi 
 chloride,  5ii 

 consideration  of  the   proposal  to 

abolish  free  cyanogen,  38 
 conjugated,  a  needless  hypothesis, 

Cyanurates,  their  Atomic  measure  as 

gases,  iQQ 
Cymen,  fi3 
Daltonism,  537 

Davy,  on  the  composition  of  salts,  21, 12fi 

Definite  proportions,  537 

Definition  of  compounds,Gerhardt's  theory 

of,  and  its  consequences,  41Q 
Diacetochlorhydrin,  3M 
Dibromaniline,  2JiL 
Dibutyrosulphurin,  390 
Dicyanomclaiiiliuc,  2M 

 metamorphoses  of,  302 

Dicymenaphthalamine,  533 
Dinitromelaniline,  21^11 
Dioptase,  511 
Diplatinaminc,  313 
Diplatosamine,  313 


DisulphanilatCB,  494 
Disnlphanisolates,  494 
Disulphetholates,  494 
Disulphobenzolat<»s,  494 
Disulphometholates,  493 
Disulphonaphtalates,  494 
Disulphopropiolates,  494 
Dutch  liquid,  54 
Elayl,  73^ 

Electrolysis  gives  evidence  in  favour  of 

the  radical  theoiy,  548,  5fi<> 
 its  laws  are  incompatible  with  those 

of  combination  in  multiple  proportions, 

547.  552 

 applied  to  conjugated  acids,  404 

Electrolytes,  549 
Electrolytic  researches,  547 
Elements,  table  of,  28 
— ->  atomic  weights  of,  30 

 names  of,  28 

 symbols  of,  2S 

 proposal  to  abolish  them,  38 

 relation  of  their  atomic  weights  to 

the  densities  of  their  gases,  542 
Equivalent  proportions,  law  of,  538 
Equivalency  of  radicals  not  aiiected  by 

oxygen,  ti9 
Equivalents  are  sometimes  assumed  to  be 

different  from  atoms,  148 

■  are  the  same  as  radicals,  34 
Erenite,  511 

Ethelene  bibromide,  5^ 
Ether,  56,  66,  jftl 
Ethers,  compound,  66i  &1 

 nomenclature,  82 

 necessity  of,  23 

 chlorinated,  5^ 

Ethyl,  5li 

 acetate,  52 

 benzoate,  52 

—  borate,  52 

 bromide,  5? 

 butyrates,  52 

 caproate,  52 

■  caprylate,  52 
 carbamate,  52 

■  carbonate,  52 
 chloride,  52 

■  chlorocarbonate,  55 

 cinnamate,  52 

 curoinate,  52 

 cyanate,  52 

 cyanurate,  52 

 cyanylate,  52 

 formiate,  52 
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Ethvl,  fonniate  tribofiic,  q± 

 hrdri«le,  57 

 iodide,  bl 

 lauraU'f  5fi 

 nitrite, 

 oxalate,  5ii 

 phosphite,  tribnsic,  ^ 

 pvTomucate,  5^ 

 succinate,  bB. 

•        silicate,  .^S 

 noD-volatile,  501, 504 

 sulphide,  iifi 

■  bisulphide,  5fi 

  -    ■■  hydrosulphide,  5g 

 sulphite,  5S 

 su)phocyanide,  5a 

 Taknooate,  5H 

Ethyl-amyl,  5fi 

 oxide,  5& 

Ethjl-butTl,  5a 
Ethyl  and  metliyl,  OTide,  Sfi 
Ethyl  and  methyl,  oiiiiate,  ofi 
Ethylamine,  58 
Ethylaniline,  2S2 
Eth'ylin,  aiii 
EthyI-o;nauthyI  ether,  5S 
EthylophosphateSy  electroly^u,  405 
Ethylopiporidine,  Qji 
Ethylotrithion.itas,  499 
Ethyl-uretliaue,  :>52 
Euclase,  511 

P'ats,  relation  to  glycerin,  384 
Felspar,  512 

Ferric  atom,  or  radical,  33 

Ferric  salt*,  33i  'dh. 

Ferric  sulphate,  electrolysed,  548.  5M 

Ferrous  atom,  or  radical,  33 

Ferrous  salts,  33,  35 

Ferrous  sidphate,  electrolysis,  548»  554^ 

Fluorides,  organic,  61 

 ■  their  me<uiun;  in  gases,  101.  108 

Formanilides,  28fi 
Formo-bt-nzoylates,  457,  4rtQ 
Formometliyial,  li^ 
Formula-,  construction  of,  84 

 ct>nsequence8  that  result  from  their 

duplication  and  triplication,  366.  395 
Fonnyl,  5a 
— ^  chloride,  54 

 perchloride,  54 

 suboxide,  531 

Fructose,  51ft 

Fruit  essences,  nature  of,  521 
Fuchsite,  5 IT. 
Kitmaramidf,  420 


Fomarates,  414. 
Fumaric  amides,  4 1 5.  4*20 

Fnrtnrnl,  59 
Gadolinite,  51 1 

Galvanic  equivalents,  548.  555 
Garnet,  512 

Gas>*^«  and  vnpotirs,  tabular  ricw  of  tlwir 
coii]jKij.iticn,  ill 

—  inquiry  into  the  causes  whkh  mo- 
dify their  atomic  measure,  94 

 tabular  view  of  these  causes,  108 

— —  measure  of  the  <»ndensation  effected 

by  special  radicals,  1'j6 
— —  atomic  measure,  rule  to  cakuht^, 

im 

 specific  gTnrity,rtile  to  calcnlate,!  lil 

 such  as  have  irriti^uliir  atomic  mm- 

sure,  96,  lli9 
 of  polybasic    acids,  examio^itioo 

of  Gorhanit's  theory.  111 

 Clark's  table  of,  5 

Glucose,  519 
Glyoeramine,  312 
Glyceric  ether,  377 
Glycerides,  31& 
Glycerin,  374,  376 

■       wonderful  accoant  of  its  basic 

power,  386 
 fallacies  in  that  account,  391 

Glycocoll,  352 
Glycol,  3*.j>> 
Glycyl,  32fi 

 salts  of,  374,  392 

Glycrlites,  316 
Grape-sugar,  519 
Gross's  platinum  base,  312 
Guajacene,  51 
Gum-arabic,  519 
Hexyl,  53 
Hexyliuc,  52 
Hippurates,  456, 460 
Tlnmologoas  series,  522 
Homology,  521 
Hydm  .icttylet*,  50,  89 

 aconylete,  427,  433 

 adipylete,  444,  450 

 broma  a  HBr,  52 

 butvrylete,52 

 chlora  =HC1,  54 

 cyana  =  HCy,  243 

 CTanate=HCyO,  25D 

 formylete,  59^  189 

—  furaarylete,  414 

 loda  =  HI,  59,  551 

 iodite,  548^  553 
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Hytli-a  muleylete,  414,  419 

 iutrate  =  FINO,  25i2 

 nitrete=  HNO«,  2^ 

 uitrito,  -  HNO»,  251^  2i25 

 (jLMianthvlete,  dl 

  phcnylate,  45 

■  sebamylete,  445,  451 

 silate,  5li3 

— —  suberylete,  444 

— —  succiuylete,  44 1> 

 sulphate,  120,  IfiQ 

 sulphete,  118,  1^ 

 tartrylitc,  4111 

 valeiylete,  ti3 

llydramides,  228 

Hydranzothine,  4Z1 

Hydrated  alkalies,  theory  of,  9,  14 

— —  acids,  theory  of,  4 

Hydrides  of  radicab,  65 
•  nomenclature  of,  88 

Hydrocarbons,  with  an  even  number  of 
atoms  of  hydrogen,  discussion  respect- 
ing, MB 

 cuiuot  displace  hydrogen  in  other 

hydrocarbons,  459.  487 
Hydrocyanic  acid,  42 
Hydrogoii,  as  n  giis,  59 

 acts  as  a  basic  radical,  IS 

— —  its  atomic  measure  in  salts,  69, 108 
Hypophosphites,  144 
Hyposulphates,  constitution  of,  112 
 double,  493 

—  .  —  contiuning  rice-ammons  and  vice- 
amids,  240 

—  various,  483,  484 
Hyposulphites,  with  vice-amids  and  vice- 

ammons,  242 
■  — ■  -  constitution  of,  16Q 

 complex,  165 

Idocrase,  516 

Imasatinc,  261 

Imesatine,  266 

Imidcs,  222,  224 

Imidogen  compounds,  208.  222 

Indigo,  251 

 blue,  258 

 multiple  salto  of,  264: 

 oxidised,  26D 

—  oxysulphur  salts  of,  described,  269- 
274 ;  theory  corrected,  490 

reduced,  259 

 sulphate  ot,  2111 

 white,  258 

Indigogen,  258 
Indigotine,  258 


Indyl,  251 

—  conversion  into  phenyl,  280,  532 

 conversion  into  salicyl,  5ii2 

Indylae,  2M 

 salts  in  which  it  is  the  positive  ra- 
dical, 262 

 salts  in  which  it  is  the  negative  ra- 
dical, 2M 
Indylam,  2ii9 
Inulin,  519 
lodaniline,  281 
Io<lic-phenylac,  275,  281 
Iodic -radicals,  1^ 
lodi  les,  their  measure  in  gases,  HU 
■       metallic,  their  electrolysis,  551 

—  organic,  62 

Iodine,  59  ^ 
Iron,  its  ferrous  radioiU  3i 

—  .    its  ferric  radical,  lili 

 essential  difference  between  the  fer- 
rous and  ferric  radicals,  iJ5 

 circumstmces  under  which  the  fer- 

rouisand  iVrric  radicals  are  respectively 
produced,  36,  31<i 
■  electrolysis  of  its  salts,  554 

 the  peroxidation  and  protoxidation 

of  it*;  salts  explained,  3X. 

 cyanides  coutaining,  ^ 

 double  salts  of,  ^ 

Isathyde,  262 

Isatides,  261 

Isatimide,  267 

Isatine,  2^0^  280 

Isatinides,  'ISd. 

Isatites,  261 

Jargonelles,  essence  of,  521 
Ketones,  atomic  measure,  66 
— —  defined,  81 

 how  prepared,  76 

 nomenclature  of,  89 

Klnmene  gas,  58 
Knelwlitc,  511 

Kolbe's  copulated  oxalates,  4(18 

Laumonite,  512 

Leucite,  512 

Lignin,  519 

Lignone,  60 

Likene,  59 

Lime,  trisilicate,  511  t 
Magnus's  platinum  salt,  318 
Malamide,  417 
Malates,  acid,  412.415 

 basic,  412.  415 

 double,  412,  415 

 neutral,  412,  415 
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Malate>,  i^hown  to  be  double  salts  of  inouo- 

basiu  acids,  411-423 
Maleates,  414>  41^ 
Malic  group  of  salts,  41 1 
'      summary  of  their  chemical  renc- 

tious,  420 
Malic-phenyl  amides,  414,  418 
Maivielates,  4')7,  4<)0 
Man;^'nuese,  silicate,  511 
Mant;anic  radical,  34 
Mauganous  radical,  34 
Marsh  gas, 
Meconates,  532 
Meerijchaum,  511 
Melaniline,  2^ 

 Hofmann's  diversified  thoorieB,  2113 

 salts  of,  2fi2 

Melanoximide,  302 

—  its  decomposition  by  h^t^  307 

Blciiaphthalamine, 

Menaphthoiimide,  533 

Mesitylul,  bil 

Metallic  oxides,  intemaediate,  122 

 vice  radicals,  1^ 

 eridence  of  their  occurrence,  304. 

416,  4'i7.  490 
iletamerism,  II 

 traced  to  its  caose,  h'2A 

Metamorphoses  of  organic  radicals,  hl^ 

Metaphosphates,  1^ 

Wentheiie, 

Mercaptau,  58 

Mercuric  radical,  34|  59 

 bromide,  59 

— — *  clilm'ide,  59 

 iodide,  59 

 sulphide,  jS 

Mercurous  radical,  34 

■  bromide,  59 

 chloride,  59 

Mercury,  59 

■  its  measure  in  gases,  102 
Moricac,  191 

Meruns;ic,  1 9 1 
Mesitjlene,  59 
Methyl,  59,  fifi 

 acetate,  59 

— —  benzoate,  59 

 borate,  59 

 bromide,  iiO 

 butyrate,  liii 

 caprylate,  00 

 chloride,  54,  60 

— —  chloric,  54 
 caproate,  liO 


Methyl,  cyanide,  liO 

 cyanurate,  00 

■       cyanylate,  UO 

 fluoride,  00 

 formiate,  00 

-   tribasic,  60 

— ■  hydride,  59 

 iodide,  00 

 nitmt«,  t)0 

— —  salicylate,  Liii 
— —  succinate,  00 

 sulphide,  60 

 bisalj)hide,  00 

 sulphate,  60 

-  sulphocyanide,  00 
— ~  sulphocarbonate,  60 

 xanthate,  fiO 

Methylai,  01 

M  (.'thy  lam,  192 
Methylamine,  01 
Mfthyl  and  amyl  oxide,  00 
Methylem,  192 
Methylwie,  bidiloride,  55 
Methyl-hexyl,  60 
Mothylic  alcohol,  59 
Mothylic-amylac,  liil 
Methylic  ether,  o9 
'       monochlorinated,  55 

 bichlorinated,  55 

 tercldoriuated,  55 

Methylira,  192 
Methylodithionateii,  48 G, 
Methylopiperidine,  63 
Methylom,  192 
Methyl-urea,  34  5 
Milk-sugar,  519 
Mineral  silicates,  r)Or> 
Model  of  water,  82 
Monatomir,  defined,  140 
Multiple  combining  proportions,  Uws  of, 
537 

 they  arc  fallacious,  539 

 improbable  if  not  impossible,  546 

-  incompatible  witli    the   facts  of 
electrolysis,  547^  556 ^  557 

Mutability  of  simple  radicals,  310 

 of  azotic  radicals,  217—221 

Naphtha,  01 
Naphthaline,  01 
Natrolite,  512 
Nicotine,  Oi 

Nitra  nitrate  =  N,NO,  255 
Nitra  nitrite  =  N,NO»,  255 

 nitrute  =  N,NO*,  120^  25^ 

Nitraniline,  288 
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Nitrate  =  NO,  2^ 
Nitrates  =  M,NO»,  2hl 
Nitrete  =  N0»,  255 
Nitriles,  208^  211 
Nitrites  =  M»NO»,  253 
—  gaseous,  01 
Nitrobenzide,  fil 
Nitrogen,  01 

protoxide,  61 
'       deutoxide,  fil 
 peroxide,  fll 

ntomic  measure  of, 
Nitroglycerine,  385,  394 
Nitrotoltiine,  01 
Nomenclature,  systematic,  8fi 

 numeration  of  radicals,  S6. 

 numeration  of  oxygen,  8I2 

■  ntimeration  of  water,  88 

 examples  of,  87 

 of  amidogens    and  ammoniums, 

IM 

 of  multiple  salts.    See  malntps, 

citrates,  tartrates,  aniline,  platinum, 
&c. 

(Enanthol,  ai 

Okenite,  511 

Oleene,  5d 

defiant  gais  63,  73^  fill 

 oil  of,  54- 

Olein,  aiS 
Olivine,  511 

Origin  of  organic  radicals,  51^ 
Othyl,  122 
Oxalates,  122 

 complex,  182 

 copulated,  408 

 their  measure  as  gases,  95*  112 

Oxamates.  22fi 
Oxamelanile,  3<f2 
OxamiHe,  194 

 Dumas*s  strange  theory,  209 

Oxanilamide,  2M 
Oxanilntes,  227,  2fi2 
Oxanilide,  210,  2fifl 

Oxidation,  nature  of  the  process  so  called 

2M 

Oxychlorides,  08^  2Q 
Oxygen,  fil 

■  ■     has  no  measure  when  in  gaseous 

saltfi,  68,  a5 
 no  quantity   of  it  increases  the 

measure  of  its  ptseotis  salts,  fi9 
 is  not  a  ra^iical,  not  the  rqniralent 

of  any  raiii«d,  nor  a  constituent  of 

radicals,  69 


Oxygen  not  Uie  acid-former ;  not  the  sole 
cause  of  acidity,  2D 

  salts,  classification  of,  2g 

Oxvplatanimcmium,  313 
Oxyxaiithates,  471,  412 
Palmitin,  379 
Paraffine,  61 
Pear-oil.  521 
Pentathionates,  l.'^7,  158 
Peppermint  camphor,  51 
Perchlorovinic  formiate,  55 
Petrolene,  fil 
Phennkitf',  511 
Phenyl,  cyanide,  fil 

 hydride,  fil 

 nitrite,  fil 

 relation  to  aniline,  22ii 

Phenyla  cvanate,  3Q4 
Phenyiac.'l90,  193,  ii25 
Phenylam,  193i  225 
 cyanate,  29a 

Phenvlec,  191 

Phtu'ylem,  225 

 cyanate,  298 

Phosgene  gas,  55^  114 

Phospha  phosphate,  12Q 

Phosphates,  constitution  of,  138 

 considered  in  reference  to  the  theory 

of  poly  basic  acids,  138 

 nomenclature  of,  14 1 

Phosphites,  143 

Phctophogly cerates,  385 

Phosphorus,  fil 

 terchloride,  fil 

 pen chloride,  62 

 oxychloride,  62 

■  ■      its  measure  in  gases,  102 

Phosphuretted  hydrogen,  62 

 hydriodate  of,  62 

 hvdrobroraate  of,  62 

Phtaliniide,  223,  529 

Piraelates,  446^  454 

Pine-apple  oil,  521 

Piperidine,  63 

Platiimmouium,  31.H 

Platic  atom  or  radical,  309  ,314 

 salts,  aifi 

PlaUcam,  19L  309,  311 

 salts  of,  328 

Pluticcem,  33 :i 

Platinamine,  313 

Platinum  bases,  30& 

Platinum  bases,  theoretical,  312 

 discussion  respecting  the  plat(>u.N 

and  platic  radicals,  3Qft 
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Platinum  salts, 

 the  transformations  of  the  platous 

and  platic  radicals,  309^  321 

Platosamine,  il2 

riatous  atom  or  radical,  309,  314 

 salts, 

Platousam,  309j  aii 

 salts  of,  317 

Platousem,  315 

Polyatomic  alcohols,  366 

 are  fallacies,  385 

Polybasic  acids,  theory  of,  325 

— —  fhl!aci«5  in  Gerhardt's  laws  re- 
specting the  mea&uxe  of  their  gases, 
111 

■      insufficiency  of  Gerhardt's  argu- 
ments in  support  of,  148 

Polybasic  properties  of  oxy-6ulphur  acids 
ex})l.Tiuctl,  17;i 

Polythionates, 

 nomenclature  of,  175 

 of  ammonia,  233 

Potassac,  191 

Potassec,  IM 

Propionic  aldide,  62 

Propyl,  biityrat«,  62 

Propylene,  (32,  ;i23 

 bromide,  62 

Propylic  alcohol,  62. 

 glycol,  312 

Protoxides,  14. 

Proximate  and  ultimate  constitution  of 
salts  discriminated,  ID 

Prussian  blue,  two  kinds,  40 

PyroTTieconates,  532 

Pyrojihospkitesi,  138 

Pyrotartranile,  453 

Pyrotartrates,  445,  451 

 V^rbasic,  452 

 aniline  siUts,  463 

Quinces,  essence  of,  521 

Radical,  what  constitutes  a,  501,  544 

 atomic  measure  of  a,  24 

 theory,  principles  of  the,  25 

 applications  of  the,  117 

 supported  by  the  evidence  of 

electroljrtic  facts,  548 

Radicals,  elementary,  table  of,  28 

 compound  organic  are  equivalent  to 

elementary  radicals,  or  atoms,  48 

-  '  -  all  of  titem  measure  one  volume  as 
gas,  64,  63 

 those  which  contain  an  even  num- 
ber of  atoms  of  hydrogen  have  no  mea- 
sure in  their  gaseous  salts,  96 


Radicals,  classification  to  show  their  rela- 
tions, 525 

 their  origin  and  metomorphosra, 

519 

—  their  behaviour  in  voltaic  current, 
407 

—  table  of,  in  the  order  of  their  pro- 
portions of  carbon,  44 

 table  of,  in  the  order  of  th**ir  him- 

city,  in  which  tiie  carbon  is  taken  at 

unity.  111 

 table  of  the  vinyl  series,  12 

 necessity  of  a  more  accurate  discri- 

miuation  of  radicals,  379 

 their  multitudinous  names,  379 

— —  reduction  of  acid  radicals  to  bask 

radicals,  75^  402 
 rtfdiiction  of  basic  radicals  to  acid 

radicals,  74^  407 
-■    -  acid  from  basic, how  distinguished, 

73,  545 

 metamorphoses,  van  lus  modea  of, 

535 

 azotic,  theory  of,  LM 

•       degrees  of  oxidation,  122 
Radicals,  (Vice-  ) : — 

 containing  CI  instead  of     93, 131 

 Z  instead  of  IL  132 

 S  instead  of  Hj  13^  412 

 Metals  instead  of  m 

Raewsky's  platinum  base,  312 
Kt-duction,  nature  of  the  process  so  called, 
260 

Reiset's  platinum  base,  312 

Rennets,  essence  of,  521 

Retiuuaptha,  6iJ 

Retinole,  56 

Retinyl,  5ii 

Rochelle  salt,  AM 

Salts,  cuiistitution  of,  3^  13 

 binary,  theory  of,  13 

 are  composed  of  two  radicals,  69^ 

544 

 in  which  th<»  nnmber  of  acid  and 

Uxsic  radical:>  uneven,  how  expkiiiieti, 
397 

 Clark's  table  of  (1826),  5 

 Griffin's  classilication  of  (1 834),  15 

 Ditto  (1857),  26i  322 

 their  atomic  measure  is  two  vo- 
lumes, ca,  a5 

 their  electrolysis,  552 

-  with  one  atom  of  oxygen,  82 

 organic,  nomenclature  of,  20 

 normal ,  322 
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Salts,  bibasic  and  monacid,  3:^ 

—  monobasic  and  biacid,  397 
— —  tetrabasic  an<l  biacid,  :)97 

'    ■  poculinrities  in  their  saturating  ca- 
pacities, 17.'^  ili^J 
Salicjl,  Ahli 

 its  atomic  measure  in  salts,  Sfi 

 salts  coutiining,  456 

Salicylamide,  458 
Salicylates,  455,  458 

 with  acid  radicals,  456 

Salicylic  conjugated  acids,  458 

 group  ot"  salts,  455 

Salicylid,  458 
Scolezite,  512 
Schacin,  379.451 
Sebamide,  ^hl 
Sebateii,  445,  451 

Selenium,  its  atomic  measure  in  gaseous 
salte,  IM 

Seleniuretteil  hydrogen,  62 

Sesquioxides,  the  theory  pernicious.  See 
basylic  radicals. 

 the  chief  obstacle  to  the  simplifica- 
tion of  the  silicates,  514 

Silica,  IMi 

Silicates,  on  the,  500 
 normal,  liQi 

—  general  formula,  hQh 

 theoretical  constitution  of,  506 

 constitution  of  chief  varieties  of 

known  mineral  silicates,  507 

■  relation  of  the  oxygen  of  their  radi- 
cals, 5oa 

 rational  formula:  of,  51 1 

 inquiry  into  the  worth  of  their  ra- 
tional formula;,  512 

 easy  transformation  of  the  formulae 

of  Berzelius  into  those  of  the  radical 
theory,  508 

■  simplification  of  the  formulae  of  sili- 
cates, 514 

 classifieil  tables  of,  506-51 2 

Siliceous  gase^,  peculiarities  of  their  atomic 

measure,  501 
Silico-fluorides,  503 
.'Silicon,  determination  of  its  equivalent, 

5<)J 

 its  measure  in  erases,  105,  501 

  chlorirle,  62^  501j  SQ3 

 fluoride,  62,  501^ 

 chlorosulphidf,  62,  501 

Soda,  sulphate,  electrolysis  of,  550,  558 

Specific  gravities  of  gases,  49 

Spiryl,  4^  I 


Stannic  chloride,  electrolysis  of,  548,  552 
Stannous  chloride,  electrolysis  of,  548, 
5ii2 

Starch  sugar,  519 
Stearin,  379 
Stib-ethyl,  5fi 
SUlbite,  512 
StjTol,  03 
Suberamide,  450 
Suberates,  444,  15ii 
Suberone,  S2 
Substitution,  91 
Suctinamide,  447 
Succinanile,  447 
Succinanilide,  447 
Succinates,  443,  446 
Succinic  group  of  salts,  441 

 series  of  radicals,  441 

Succinimide,  447 

Succinyl,  its  measure  in  gases,  Sit 

•       oxychloride,  447 

Sugar,  varieties  of,  519 

—  metamorphoses  of,  522 
Sulpha  sulphate  =  S,  SO,  12fi 
Sulpha  8ulphit€  =  S,  S0«,  m 
Sulphacetates,  489 
Sulphacetyl,  4fi9 
Sulphamethylane,  232 
Sulphamide,  234 
Sulphanilatos,  285.  498 
Sulphanisates,  492 
Sulphasatyde,  271 
Sulphates,  on  the,  144. 

 atomic  measure  in  gases,  112 

  inquiry  respecting  their  assumed 

bibasic  character,  145 
  Davy's  theoiy,  128 

—  multiple  salts,  150 
 nomenclature  of,  15li 

 double,  of  alcohol  radicals  (conju- 
gated), theory,  4(Hi 

 of  vice-ammons,  229 

 of  vice-am  ids,  2ILL 

Sulphenetes,  U^^ 

 of  viccnamids,  2^ 

Sulphic-indyl,  272, 

 vice-radicals,  136,  472, 

Sulphide  of  carbon,  53,  471 
Sulphindigotates,  270 
Sulphindylates,  270 
Sulphites,  on  the,  171 

 essentially  bibasic,  ill 

 acid.  111 

 neutral.  111 

 organic, 
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Sulphites,  with  amido^Ds,  237,  ^Bh 
'       conjugated,  495 

—  with  chloric  radicals,  4% 

— —  often  miscalled  hjposulphates,  495 
Sulphobenzoates,  iSl 
Snlphobutyrates,  491 
Sulphocarbamates  471,  476 
Sulphocarbanilidc,  301 
Sulphocarbonatcs,  470,  473 
Sulphocyanides,  '247 
Sulphocyanogen,  247 
Sulphoglycerates,  385 
Sulphomethylane,  498 
Sulphopropionates,  491 
Sulphosucclnates,  444,  448 
Sulphovinates,  theory  of,  4QQ 

 biacid,  4M 

 bibasic,  48fi 

 monobasic,  486 

 Guthrie's  attempt  to  prove  their 

existence  by  electrolysis,  403 

 causes  of  its  failure,  40G 

Sulphoxanthates,  470,  425 
Sulphur,  as  a  gas,  02 

■  its  measure  in  gaseous  salts,  fiZ 
 chloride, 

'  dichloride,  03. 

•  terchloride,  pentasnlphate  of,  63 
Sulphuretted  hydrogen,  02. 
Sulphuryl,  IM 
Synoptical  formulae,  121 
Systematic  nomenclature,  86 
Tartanilatos,  4i)8 
Tartanilide,  4r>8 
Tartramide,  4»<<3 
Tartrates,  table  of,  461 

 gi-ejit  variety  of  forms  of,  463 

 acid,  401^  46^ 

 neutral,  461^  4M 

 terbasic,  4<jl,  4»)4 

 amidogen  salts,  4(31,  466 

 double,  4»rr,  4^ 

 conjugated,  4G1,  466 

—  with  sesquiozides,  468 
 tetrabasic,  461.  4fifi 

 with  vice-tartryls,  461,  467 

 complex,  461,  467 

Tartryl,  4M 

Tellurium,  its  measure  in  gases,  105 

Tellurette<l  hydrogen,  63 

Tephroite,  503 

Teratomic  alcohols,  366.  32A 

Tetrathionates,  157,  IM 

Thiotoluatos,  438 

Thyrayl,  hydride,  02. 


Titanium,  its  measure  in  gases,  Ll5 

 chloride,  63 

Tin,  its  measure  in  gases,  10.^ 
 chloride,  63 

 electrolysis  of  its  chlorides,  ^48 

»       its  stannic  radical,  556 

 its  stannous  radical,  556 

Toluine,  63 
Toluol,  63 

Trithionates,  IST,  168 
Troostite,  511 
Turpentine,  essence,  63 
Type  ammonia,  210,  232^  231 
Types,  chemicals,  theory  of,  91 
Unitary  formula;,  origin  of,  1^ 

 unsuited  to  organic  oompounda,  U 

 why  they  should  be  dissected,  167 

 demonstration  of  their  worthless- 

ness,  523 

Urea  and  carbamide  theories  compared, 

298.  :i39 

 theory,  summary   of  evidence  re- 
specting it,  341 

 chemical  reactions  of,  333 

 salts  of,  343 

Ureas,  compound,  343 

^—  ■       tljeory  of,  344 

Ureides,  360 

are  merely  ureas  with  acid  radicals, 
and  Qi  extra  for  tliat  reason.  48o 

Ureo-carbonates,  363 

Urethane,  57,  352 

Urethylane,  351 

Valeral,  63 

Valerin,  323 

Valerine,  63 

Valeronitrile,  52 

Valeryl,  63  • 
ValeryUurea,  361 
Vapours,  table  of,  43 
Vesuvian,  512^  515 
Vice-amids,  theory  of,  190 

—  discrimination  of,  13Q 
— —  nomenclature  of,  13ii 

 sulphates  of,  231 

 sulphites  of,  232 

 hyposulphates  of,  24Q 

 hyposulphites  of,  242 

Vioe-ammons,  theory  of,  190 

-  discrimination  of,  131 

 nomenclature  of,  190 

 salts  of,  2Q2 

 inorganic,  sulphates,  222 

  orgjtnic,  sulphates,  231 

 sulphites  of,  232 
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Vico-ammons,  hyposulphat^s  of,  240 
— —  hyposulphites  of,  2^ 
Vice-indyls,  2IiB. 
Vice-phenylar,  275 
Vice-pheayhm,  21o 
Vice-radicals,  theory  of,  IM 

 atomic  measure  of,  101 

 their  snturatinfT  t^aparity  equal  to 

that  of  normal  radicals,  131,  2B1 
Vice-tartryls,  4fi3 

Vinyl,  the  neutral  radical,  its  importance 
as  the  substratum  of  organic  radicals, 
(>3,  73,  78,  96,  519,  52i) 
—  its  measure  in  gases,  SB 

 it«  series  of  radicals,  79,  522 

 doubled,  to  produce  the  imaginary 

Sly  col,  Ml 
taic  equivalent*;,  549,  556 
Water)  constitution  of,  31^  82,  557 

 electrolysis  of,  549,  557 

 model  of,  82 

 model  of,  grotesque  caricatures  of, 

84,  m 


White  indigo,  258 
Williamite,  hll 
Wine-oil,  521 
Wollastonite,  511 
Woody  lib  re,  519 
Worthite,  Mi 
Xantb,  53,  412 
Xanthamide,  47L  418 
Xautlwmylates,  471,  476 
Xanthates,  470i  fill 
Xanthic  ether,  60,  425 
Xanthocelylates,  471,  476 
XanthomethylatCii,  470.  ill 
Xanthopropylates,  471.  47ti 
Xanthyl,  53,  412 
Z,  ralae  of  symbol,  d4 
Zinc,  its  measure  in  gases,  106 
Ziuc-€thyl,  58i 

— ^  its  measure  as  a  gas,  IQfi 
Zircon,  511 

Zot,  sig^nification  of,  M 
Zotic  ndicals,  132 
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